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ABSTRACT

This document defines the technical requirements for a test program designed to measure
time-dependent concentrations of actinide elements from contact-handled transuranic (CH
TRU) waste immersed in brines similar to those found in the underground workings of the
Waste Isolation Pilot Plant (WlPP). This test program will determine the influences of TRU
waste constituents on the concentrations of dissolved ar,d suspended actinides relevant to the
performance of the WIPP. These influences (which include pH, Eh, complexing agents,
sorbent phases, and colloidal particles) can affect solubilities and colloidal mobilization of
actinides. The test concept involves fully inundating several TRU waste types with simulated
WIPP brines in sealed containers and monitoring the concentrations of actinide species in the
leachate as a function of time. The results from this program will be used to test numeric
models of actinide concentrations derived from laboratory studies. The model is required for
WIPP performance assessment with respect to the Environmental Protection Agency's 40
CFR Part 191B.
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1.0 INTRODUCTION

This document defines the technical rationale and requirements for a test program
designed to determine the concentrations of actinides in WIPP brines in contact with
transuranic (TRU) wastes. This study is referred to as the Actinide Source-Term Waste Test
Program (STTP). The long-term Waste Isolation Pilot Plant (WIPP) performance assessment
program requires estimates of the concentrations of plutonium and other radionuclides in
disposal rooms that may become partially or completely filled with brine. Once mobilized,
these radionuclides may be released to the accessible environment under certain
circumstances such as human intrusion into the repository. Actinide source-term data are
thus necessary for determining compliance of the repository with Environmental Protection
Agency (EPA) 40 CFR 191B (Marietta et al., 1989).

The STTP will complement laboratory studies of radionuclide chemistry. The
Actinide Source-Term laboratory program has previously determined solubilities and sorption
coefficients of plutonium and its oxidation state analogs in synthetic brines under various
conditions of pH and has examined actinide speciation and measured stability constants for
complex ions (Brush, 1990). In addition, the program has measured distribution coefficients
for actinides in brines in the presence of suspended bentonite. The current focus of the
laboratory program includes chemical equilibrium modeling for dissolution and investigations
of colloid stability and kinetics.

The results from these laboratory experiments will allow the development of a
predictive numeric model of concentrations of mobile actinides in brine as a function of
chemical conditions within the disposal rooms. The principal role of the STTP will be to test
the utility of the predictive model by examining the degree to which actinides are mobilized
in real TRU waste under repository realistic conditions. The goals of both the laboratory and
real waste source-term test programs are to develop and evaluate a radionuclide source-term
model that will provide a narrower uncertainty range of actinide concentration data to WIPP
performance assessment than is currently available from expert judgments using existing
data.

In brief, the test concept involves filling test containers with a variety of actual
contact-handled (CH) TRU wastes and completely saturating the containers with a mixture of
natural and synthetic brines with compositions chemically similar to those of intergranular
brines found in the Salado Formation. Container size will depend on waste homogeneity;
heterogeneous waste types such as combustibles will use "drum scale" vessels of
approximately 250 L volume, while more homogeneous types such as sludges will use "liter
scale" test containers of 2-5 L volume. The containers will permit regular sampling of brine
and headspace gas. The wastes will be intentionally fortified or "spiked" with actinides to a
level that will ensure that concentration measurements will reflect equilibrium conditions and
will not be limited by the quantity of actinide in the waste sample. In addition, certain
wastes will be spiked with waste constituents that are expected to increase solubility, such as



complexing agents, to measure the sensitivity of actinide concentration to these matrix
components. The test vessels will also be inoculated with halophilic and halotolerant
microbes found in the WIPP underground and on the surface nea.- the WIPP Site. This may
identify effects of microbial activity on the mobilization of actinides. Prior to test initiation,
the containers will be purged of oxygen to simulate the environment predicted for the WIPP
disposal rooms after they have been filled and sealed.

During operation the test environment will be held at constant temperature, again to
simulate the conditions of the post-closure WIPP disposal rooms. The test containers will be
agitated to promote thorough mixing of the solids with the brine and to keep brine
compositions homogeneous. Brine samples will be withdrawn at regular intervals throughout
the experiment. The leachate samples will be analyzed to ascertain the chemical and physical
form and concentration of actinides dissolved or dispersed in the brine. These experiments
are expected to operate for approximately 2-3 years, although individual tests may run longer
if trends in the measured actinide concentrations so warrant.

This document describes the rationale for the STI'P and uses this rationale to develop
and justify a set of test requirements; it specifically excludes discussion of detailed testing
procedures. The requirements described in this document will be used to develop specific
experimental requirements and procedures included in a separate Test Plan. This Test Plan
will be written by Los Alamos National Laboratory (LANL), the facility chosen to perform
these tests. It should be noted that information generated from the laboratory program, the
modeling program or the SI'FP may require reconsidering one or more of the requirements
stated in this document. Any changes in test requirements will be discussed with both LANL
and the Department of Energy (DOE) WIPP Project Integration Office. If new or changed
requirements result in no significant impacts in budget or schedule, they will be document_
and implemented. LANL and Sandia National Laboratories (SNL) will discuss any changes
causing significant budget or schedule impact with the WIPP Project Integration Office
Change Control Board prior to implementation.



2.0 TEST RATIONALE

The WIPP performance assessment must evaluate compliance of the WIPP with 40
CFR 191B from the end of the operational phase of the facility through the following 10,000
years. This regulation limits the amount of radioactivity that may be unintentionally released
into the accessible environment during the post-closure phase. US EPA (1985) defines
allowable releases over 10,000 years, normalized as a function of TRU inventory. The
WIPP performance assessment is requited to consider the possibility of inadvertent human
intrusion into the repository, and EPA 40 CFR 191B permits the assumption that the
intrusion rate does not exceed 30 boreholes/(km 2 • 10000 y) (WPD, 1991b). Future
performance assessment estimates of intrusion rate may be time dependent and possibly less
than this maximum rate. The probability of accidental release of radioactivity equal to the
release limit must not exceed 0.10, and the probability of a release of up to 10 times the
release limit must not exceed 0.001.

There are three possible mechanisms of radionuclide release: direct release of solids
by drilling intrusion, release of volatile radionuclides (e.g., _4C, 85Kr, 222Rn), and release
through mobilization in local groundwaters. Release of solids can occur through borehole
erosion and transport of cuttings and drilling muds to the surface and includes all particulates
suspended in brine that are neither dissolved nor considered colloidal. These mechanisms
will not be considered in the source-term program, though they dominate some parts of
release in the human intrusion event. Volatile radionuclides are expected to be a minor
component of release, as the only volatile isotope present in significant quantity in a TRU
repository will be 22_Rn. Due to its short half-life the inventory of this isotope will be quite
low, and due to its low solubility in brine its impact on the source-term will be negligible.

The Actinide Source-Term Program (modeling, laboratory studies, and real-waste
tests) considers radionuclide release through mobilization in groundwaters. Release of
radionuclides by groundwater transport is possible due to the presence of brine in the Salado
Formation, which surrounds the WIPP disposal rooms. Recent performance assessment
calculations (WPD, 1991a) indicate this brine can be released into the accessible environment
through human intrusion. If this occurs, contaminated Salado brine can enter the Culebra
member of the Rustler Formation, which overlies the Salado. and contains mobile
groundwater. This contaminated Culebra water could be brought to the surface through
wells used for watering livestock or for irrigation. Total release will depend on the
concentration of radionuclides in Salado brines, the degree to which they can be dissolved or
suspended in Culebra brines, the physical and chemical retardation they experience in the
Culebra, and the activity of the cuttings brought directly to the surface.

Salado brine can enter the disposal rooms at a rate that depends on the permeability of
the surrounding rock and the pressure inside the disposal rooms. Brine from reservoirs in
the Castile can also fill the disposal rooms if intrusions through the WIPP penetrate into the
Castile. In the most severe intrusion event, the double-borehole (E1E2) scenario, brine from
the Castile is released into the rooms, travels through a portion of the repository, and is



released to the Culebra via a second borehole. This scenario maximizes the interaction of

brine with the waste, and in such an event the amount of radioactivity brought to the Culebra
will strongly depend on the quantity of the principal radioactive elements in the WIPP
inventory that can be dissolved or colloidally suspended in Salado brine.

The concentration of a particular radionuclide in brine within the disposal rooms will
be limited either by the amount present in the disposal rooms or by its maximum possible
concentration in brine. The radioisotopes of interest in a release scenario are those present
in TRU waste and their daughters. Some of these decay products (e.g., 226Ra) will be
present in such small quantity that their release will be controlled by inventory alone; i.e., it
can be assumed that all of the radioisotope dissolves. For the eight actinide isotopes that
dominate the radioactivity of TRU waste, however, release will be controlled by the degree
to which they can be dissolved or suspended. These isotopes are 239pu, 24_Am,238Pu,24°pu,
237Np, 234U, 233U, and 23°Th*(Helton et al., 1992). At early times, the bulk of the activity
comes from Pu (23_Puand 239pu) arid 24_Am. However, other actinide isotopes come into play
during the 10,000 year post-operational phase. The inventories of 234Uand 23°Th increase as
238Pudecays (99.95 % conversion to 234Uafter 1000 years), and significant quantities of 237Np
result from alpha-decay of 24_Am (ca. 75% complete after 1000 years). Therefore, to
ascertain compliance with 40 CFR 191B, WIPP performance assessment requires estimates of
the concentrations of Th, U, Np, Pu, and Am in Salado brine in contact with TRU waste
under disposal room conditions.

It is not possible to predict a single value for the concentration of a given actinide in
the disposal rooms. This is principally due to the variety of chemical conditions that can
exist within the rooms and the fact that these conditions can vary with time and from room to
room. However, such predictive power is not required because 40 CFR 191B is a
probabilistic rather than deterministic standard. Instead, a cumulative distribution function is
defined for the range of possible concentrations of a particular actinide. Such a function
assigns probabilities that the concentration of the actinide will be found below a certain
value. This has previously been done by an expert panel elicitation using published values for
actinide solubilities, which do not currently include data for brines. Using this process, the
estimated concentration range of a cumulative distribution for an actinide depends on the
quality of the data used. Currently, the range for Pu (as PuO2+) extends from 10 "17 to 10-3
M, or 14 orders of magnitude. The range for Am (as AmCI2+) extends from 10_4 to 1 M
(Trauth et al., 1991). The upper concentration values and their probabilities are the
parameters of greatest concern to Performance Assessment.

The test criteria in this document reflect the intent of the program to analyze the
effects of various waste constituents on actinide concentrations in brines. Three independent

"The decay series that produce the non-TRU elements is: z_Pu --,. _4U,a --* 23°Th,c_ and _Am --,

z-_7Np,0_ .-, ?-33pa,o__ _3U,_.



processes are cumulatively responsible for the quantity of actinides that can be supported i:,
the aqueous phase. These processes are dissolution/precipitation, sorption/desorption and
colloid formation/destruction reactions. The test matrix is designed to identify influences or
factors within the wastes that can participate in or influence these reactions. To adequately
test a chemical model of the disposal room based on data obtained in the laboratory, it will
be necessary to sample test conditions that represent all major influences on actinide
mobilization. Given a matrix of reasonable scope and a finite test duration, it may not be
possible to access all chemical environments that can be tested in the laboratory. However,
this is not essential to testing a laboratory data-based model, which is the principal goal of
the source-term test program.

2.1 Influences on Actinide Mobility

Disposal room characteristics that may influence actinide mobility include:

1. pH. Particularly high or low hydrogen ion activities may increase actinide
solubilities by stabilizing cationic or anionic species in solution, pH may also affect actinide
concentrations by altering the properties of sorbing or complexing agents present in the
waste. For example, the complexing or chelating agents expected in the waste matrix are
generally more effective at higher pH values. This is because ligands containing acidic
functional groups (e.g., ethylenediaminetetraacetic acid [EDTA], citric acid) will be in their
basic or anionic form under these conditions, enhancing their affinities for metal ions. It
should be noted that the STFP will measure hydrogen ion concentration (pcH) rather than
activity (pH) due to difficulties in measuring pH in brines.

2. Eh (oxidation potential). Changes in solution Eh (e.g., through radiolysis, anoxic
corrosion, microbiological activity, etc.) may increase plutonium solubility relative to that of
the very insoluble (IV) oxidation state by oxidizing or reducing the actinide to the more
soluble (VI) or (III) states, respectively. The Eh-pH (or Pourbaix) diagram in Figure 1
shows the principal species of Pu produced by hydrolysis, and the conditions under which
these species are stable. Active metals in the native state, such as A1 or Fe, may reduce Pu
to the more soluble (III) state. Alpha-radiolysis can produce highly oxidizing species in
brines such as hypochlorite ion. Because the H2 gas that is also produced is largely inert, the
effect of alpha-radiolysis is to render brines more oxic. This can increase the system Eh and
possibly oxidize early actinides to the more soluble (VI) state. This effect may be countered
by oxic corrosion of steel. Figure 2 shows how various regions of Eh-pH space may be
reached depending on the chemical processes dominant in the waste at a given location and
time. Measurements of Eh in complex aqueous systems such as the brine leachates that will
be studied in the STTP are difficult to interpret and depend on the electrochemical couple
whose potential electromagnetic force (EMF) is being measured. This is due to variations in
kinetic barriers among reduction oxidation (redox) equilibria, which are manifested as
differences between "true" (thermodynamically reversible) and measured EMFs. The
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measure of Eh most relevant here is Pu speciation, but determining Pu oxidation states in
brines is difficult.

3. l_e presence of complexing agents. Large quantities of complexing and
chelating agents (such as EDTA) could increase the amount of actinides in the liquid phase.
If significant microbial activity occurs in the waste-brine system, chelating agents may also
be produced by the biodegradation of organic material, e.g., cz-hydroxy carboxylic acids
such as lactic and citric acid (Caldwell et al., 1988). A list of chelating and complexing
agents that may significantly influence actinide concentrations in aqueous systems and are
assumed to be present in TRU waste based upon process knowledge is given in Section 2.4.
Carbonate may actually be the most important ligand in the disposal rooms (aside from aquo
or hydroxyl ligands resulting from hydrolysis) if it is present in high concentrations in
intergranular brines, or if significant quantities of CO2 are generated by microbial activity.
A high CO2 fugacity reduces pH and affects actinide speciation in solution ao well as the
composition of actinide-containing solid phases (e.g., forming carbonates from hydroxides).
These effects have the potential of either increasing or decreasing solubility.

4. The presence of sorbents. Sorption of actinides occurs when dissolved,
positively charged actinide ions become bound to negatively charged surface sites on solids
such as clays. The sorbed actinide ions will equilibrate with solution phase ions in much the
same way that solid phase actinide oxides or salts equilibrate with dissolved actinides.
Sorption will tend to reduce solution phase actinide concentrations, assuming that no actinide-
containing solids (other than the sorbents) are present. Sorption will tend to be less efficient
under conditions favoring higher actinide concentrations. Sorptive capacity will also vary
with pH and concentrations of other ions in the brines (such as A1 are Fe) that can compete
with actinide ions for surface sites.

5. The formation of colloidal suspensions. Mobile colloids may adsorb actinides
by providing surface sites on which actinide species may be sorbed. These colloidal host
particulates (termed carrier colloids or pseudocolloids) may be generated from native clays,
backfills, sorbents packed in the waste containers, and from corrosion of iron. The term
"colloid" is taken here to include polynuclear actinide species formed by condensation, in
which colloidal actinide oxide hydrates (eigencolloids) may result from arrested precipitation
of hydrous oxides, particularly PuO2 • nH20 (Ockenden and Welch, 1956).

These factors form a five-dimensional parameter space that ideally defines a unique
value of actinide concentration for a given set of assumptions about disposal room conditions.
The range of possible actinide concentrations in the WIPP disposal rooms is thus determined
by the range of conditions accessible within the parameter space. Ultimately, the
concentration of each actinide should have a unique value at a given set of conditions once
the disposal rooms reach chemical equilibrium. It is not possible to guarantee, however, that
the waste-brine system will reach true equilibrium within the life of the STI'P experiments or
even over the 10,000 year post-disposal period. The test matrix attempts to account for
certain perturbations to equilibrium such as high levels of radiolysis (which transiently



increase Eh) and the chemical state of actinides in the waste (which can either increase or
decrease apparent solubility) by providing experimental controls that either isolate the
perturbation or cause the system to reach a steady state within the duration of the STrP.
These controls are discussed in greater detail in Section 2.5.

2.2 Relation;hip to Laboratory Program

The actinide source-term labGratory program provides data that will be used to
develop a numeric model of actinide s¢lubility and suspension in the Salado that accounts for
the effects of various chemical influeaces present in the sealed disposal rooms. These
influences include those that affect act nide speciation (pH, Eh, complexation), as well as
sorption and colloid formation. With laboratory data it is possible, in principle, to arrive at
a source-term model that allows calculation of the concentration of an actinide at any selected
point in parameter space.

The actinide source-term model may consist of components for dissolution, sorption,
complexation, and colloidal suspension. A numeric model for the solubilities of actinides in
brine is being developed concurrently with the STI'P. This model is based on the Pitzer
activity model (see Pitzer, 1991) for concentrated saline systems and has been successful in
predicting actinide solubilities in brines (Felmy et al., 1989; Roy et al., 1992). The
equilibrium component of the Actinide Source-Term Model will describe solubilities of
actinide-containing solid phases and the effects of complexing agents, both inorganic and
organic, on these solubilities. Another component of the model will describe the formation
and persistence of colloids. Several computer codes that use the Pitzer activity model are
available, such as EQ3/6 (Wolery, 1979) and PHRQPITZ (Plummer et al., 1988). The data
bases associated with these codes are not sufficient to model actinides in brines, but the
necessary mathematics are included. The primary need in this area is data with which to
parameterize the model, not model development. The mathematical form that a description
of colloids will require is less clear and remains to be elucidated from laboratory data. It is
unlikely that modules for calculating the influence of colloids on actinide concentrations will
be added to existing codes.

Chemical equilibrium has not been assumed for the formation and persistence of
colloids. Concentrations of colloidal forms of minerals, organics, and actinide (principally
Pu) compounds will be measured in laboratory studies and the STTP. The stabilities of these
colloids will also be measured for the expected ranges of ionic strength, pH, and other
chemical variables in the pertinent waste-brine-rock systems. Chemical equilibrium has been
assumed for adsorption of actinides onto mineral and organic colloids.

The principal objective of the STI'P is to test the predictive utility of a numeric model
using concentration data obtained from real TRU wastes subjected to conditions anticipated in
the disposal rooms. The STTP is thus designed to complement the laboratory studies by
supplying actinide concentration data along with information about chemical conditions



present in the wastes and will test the numeric model using real wastes under conditions
similar to those attained in the post-disposal phase.

An important caveat in this strategy is that although the STFP will sample actinide
concentrations in subsets of parameter space that ought to resemble conditions of the disposal
rooms, it is not possible to measure concentrations under truly authentic repository
conditions. These conditions will evolve over hundreds of years, and it is not possible (or
useful) to authoritatively predict a set of conditions at any given time in the post-disposal
phase. This is why the source-term tests will be more useful for testing a source-term model
than for directly predicting disposal room actinide concentrations.

It should be noted that other real waste test strategies exist that would deliver actinide
concentration data to performance assessment directly. These include testing waste that is
chemically representative of TRU waste in the DOE inventory and using waste types that
would yield bounding values of actinide concentrations in the disposal rooms. This
representative strategy fails because there is no way to identify any existing or synthetic
waste that is statistically representative of the actinide source-term for future waste. The
bounding strategy was initially considered for this test program, but due to the greater
number of test conditions it must incorporate, this strategy requires a much larger test matrix
and adds significant cost. It suffers, as does the current strategy, from inability to measure
actinide concentrations under long-term disposal room conditions, but because the data from
such a program would be directly used for performance assessment rather than used to
evaluate a model, this flaw is much more serious. This does not rule out directly using data
collected by the current test program for performance assessment, particularly if actinide
concentrations remain at odds with model predictions or if they exceed the limits predicted
by the model or the expert panel.

The laboratory studies of radionuclide chemistry and the source-term tests are viewed
as complementary. It is useful to illustrate how they differ technically and programmatically
by discussing tradeoffs between the two programs. The advantages of the laboratory
program (vs. the STTP) are that test conditions are subject to greater control, allowing
actinide mobilization mechanisms to be tested individually, and that actinide concentrations
may be measured over a wide range of test conditions. These features allow one to construct
a numeric source-term model from laboratory data. In addition, these data will be far less
expensive than those collected by the STTP. However, the laboratory program is limited by
its inability to test the numeric model with data from real wastes, which is scientifically
desirable and significantly enhances the credibility of the model.

The principal advantage of the STTP is that it will measure actinide concentrations
from real TRU wastes under repository-realistic conditions. This allows the program to
collectively evaluate synergistic and/or antagonistic mechanisms of actinide mobilization,
testing the numeric model developed by the laboratory program. A limitation of the sTrP is
that due to the short timescale on which the tests are run (compared with the 10,000 years
over which 40 CFR 191B is applicable), it cannot test all conditions possible in the disposal

10



rooms. In addition, some conditions that influence actinide concentrations are not readily
subject to control prior to testing and instead must be measured, adding to the cost of the
experiments.

2.3 Conditions of the Disposal Rooms

It is expected that the disposal room conditions will be anoxic in the long term due to
consumption of oxygen by aerobic bacteria and possibly corrosion of steel, though some local
microenvironments may be oxic due to radiolysis. Both aerobic and anaerobic bacteria will
be present, though their ability to metabolize waste components is not presently known or
assumed. The quantity of brine in the rooms will depend on inflow rates, room gas
pressures, and whether human intrusion releases Castile brine into the rooms, and will be
limited by the extremes of humid and inundated rooms. The rooms will also contain
actinides, and most of the activity will be from 239pu(and, at early times, from 24tAm).

Possible conditions in Eh-pH space through which the disposal rooms may trend are
shown in Figure 2. In general, anoxic corrosion and radiolysis compete to decrease or
increase Eh, respectively. Microbial activity will generally render brine more acidic, and
cement or grout will tend to increase pH. The range of attainable Eh-pH space is limited by
the acidities (pK,s) of organic acids produced by the microbes, the basicity of the cement or
grout in the waste or backfill (if any), CO2 fugacity in the rooms, and the upper and lower
stability limits of water (with some allowance for overpotentials, shown as dashed lines on
Figure 1). A difficulty with both measuring EMFs of and constructing speciation diagrams
for reactions involving the formation and cleavage of metal oxygen bonds (e.g., actinyl ions)
is that such reactions are thermodynamically irreversible and that in most systems speciation

i

as a function of Eh is controlled by kinetics. To illustrate, the speciation diagram in Figure
1 represents equilibrium states of Pu as a function of Eh and pH, and while it indicates that
acidic and reducing conditions favor Pu(III), it does not imply that all Pu will be in the +3
state at, for example, an Eh of 0.0 V and a pH of 3. In certain circumstances microbes can
effectively serve as redox catalysts (Francis, 1990).

Halophilic and halotolerant bacteria have been identified in brines collected from the
WIPP underground workings, and these microbial colonies can use cellulosic materials
(which constitute a significant fraction of the total volume of TRU waste) as substrates for
growth under both aerobic and anaerobic conditions. There are four major microbe-mediated
processes that can take place in the disposal rooms after closure. First, fermentation can
disproportionate polysaccharides (such as cellulose) into, among other species, alcohols,
organic acids, and carbon dioxide. Denitrification can oxidize the organic products into
tx-hydroxycarboxylic acids (such as lactic and citric acid) while reducing nitrate ion to N2 or
NH3. Sulfate reduction can further oxidize these acids to CO2 while reducing sulfate to H2S.
Finally, methanogenesis can reduce CO2 to methane (CH4) in the presence of excess H2
(which may be generated in the disposal rooms by anoxic corrosion of steel and radiolysis of
brine or organic waste materials).
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Microbial activity can affect actinide concentrations by causing changes in system pH
and Eh, and producing chelating agents. Halophilic and halotolerant anaerobic bacteria may
serve as redox catalysts by reducing Pu(VI) to either Pu(IV) or Pu(IIl) directly, or through
an intermediate couple such as Fe3+/Fe 2+. Microbial reduction of U(VI) to U(IV) has been
postulated to account for observed immobilization of uranium in sludges (Francis et al.,
1991). Denitrification in waste containing both nitrate (from process sludges) and cellulosics
(from combustibles) may produce a-hydroxycarboxylate chelating agents in significant
quantity. Sulfate reduction (using SO42 in brine) may further oxidize these compounds to
CO2. Microbial degradation of cellulosics may also produce colloids capable of sorbing, and
thus mobilizing, actinides.

Carbonate, hydroxide, and chloride are the ligands present in the disposal rooms in
the greatest quantity, though the stability constants for their actinide complexes are estimated
to be not nearly as great as those for complexes with organic ligands such as citrate or
EDTA. Some of these ligands are in the waste inventory from decontamination procedures;
others may be produced by the action of denitrifying bacteria on alcohols and organic acids.
Sulfate-reducing bacteria may act as a sink for both natural and artificial chelating agents,
oxidizing them to C02.

The principal sorbents in the WIPP disposal rooms will be rust (from corroded
drums), bentonite (assuming this is used as a backfill component), vermiculite used in drum
packing, and possibly anhydrite contained in the Salado marker beds. Although the presence
of sorbents can only serve to reduce actinide concentrations (unless these sorbents form
mobile colloids), their effectiveness may be highly variable, since sorptive capacity will
depend on such factors as pH and actinide speciation. Calcium oxide may also be added to
the backfill to act as a getter material for CO2. It is not yet clear how the resulting increase
in pH and calcium content of the rooms would affect actinide concentrations.

Colloidal suspension of actinides may occur as actinides in solution precipitate onto
the surfaces of suspended particulates. Colloidally-sized particles are tb_se that remain in
suspension without appreciably settling and can be considered part of the liquid phase.
Colloids are probably metastable in the disposal rooms, eventually either dissolving,
precipitating, or becoming sorbed onto solid material. The definition of the size of a colloidal
panicle is somewhat arbitrary, and we have defined the maximum size of a colloid to be
1 #m. Corroded steel, exfoliated clays, and products of cellulose degradation can all serve
as hosts for radiocolloids in the disposal rooms. They may also be produced by hydrolysis
of soluble actinide salts. It is not yet clear under what conditions colloidal mobilization of
actinides will be important, or if such conditions will be met in the repository.

2.4 Conditions of the Test Containers

To meet the objectives stated in Section 2.2, the source-term tests would ideally start
with these conditions:
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1. The tests would use real TRU waste from existing inventory at a DOE site. Using
"synthetic" waste prepared by adding actinides to nonradioactive items typical of the
waste category (transuranic content [TRUCON] code) being tested introduces an
unacceptable bias, as the range of materials disposed of under a given TRUCON
designation is unknown. Sampling bias is also introduced if waste conforming to a
certain TRUCON designation is culled from a mixture of waste types. To avoid these
problems, only waste that has already been identified as fitting the TRUCON
designations required by the test matrix may be used in the experiments.

2. The tests would use containers that are large on the scale of waste heterogeneity. For
all waste types, the test vessels must be large compared to the scale of the waste
constituents (the articles that comprise the waste) so that the tests will reasonably
reflect conditions typical of the waste type being tested. This requires using
containers of at least 210 L (55 gal) volume for highly heterogeneous waste types
such as combustibles and metals. Tests involving these waste types are referred to as
"drum-scale" tests in the matrix (Appendix A). For more finely divided,
heterogeneous wastes (e.g., sludges, pyrochemical salts), containers on the order of
2-5 L volume ("liter-scale" vessels) will suffice.

3. The wastes would be selected in a way that avoids experimental bias. Specifically,
integer numbers of waste drums must be used to load the drum-scale containers. It
will be difficult to load only a fraction of the contents of a drum without introducing
bias in waste selection. Obviously, the liter-scale vessels must be loaded with a small
fraction of the contents of a waste drum, but because these wastes are heterogeneous
on a much smaller scale, this problem is not nearly as significant. However, the tests
would be biased if all liter scale experiments for a given waste type were filled with
material from a single waste drum. Therefore, each liter-scale waste sample must be
taken from a different drum.

4. The tests would use brines collected from the WIPP underground because they contain
microbial populations that are local to the repository. In reality, it will probably not
be possible to collect enough natural brine from the underground to operate the tests
using only WIPP brine. See Section 2.4.1.

5. The tests would include inventories of all elements of interest. The STTP is intended
to determine concentrations of actinides (Pu, Am, Th, U, Np) that will be limited by
the chemistry of the disposal room, rather than inventory.

6. The test matrix would include steel because it is a significant component of the
disposal room contents. It affects Eh, sorption, and colloid generation. Most tests
will contain iron, though some tests will be run without any iron to evaluate the
effects of anoxic corrosion and colloid sorption by steel or rust on solution-phase
actinide concentrations. The surface area of the added steel must equal that of a 55
gallon drum in the drum-scale tests and must be proportional to the fraction of drum
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volume occupied by the waste sample in the liter-scale tests. The steel must be thick
enough to prevent complete corrosion during the first three years of the tests. See
Section 3.3 for specific requirements.

7. The test matrix would include bentonite because it is a component of a proposed
backfill material for the rooms. Certain waste types will be tested both alone and
with added bentonite. This will test the effectiveness of the backfill material as a

sorbent for actinides and will identify the potential for mobilization of actinides
through adsorbtion onto exfoliated clay colloids.

8. The matrix would include some experiments run under high CO2 pressure. The rooms
may fill with CO2 as cellulosics ferment, and the solubility of actinides under these
conditions is highly relevant because COs is a complexing ligand for actinides. The
maximum total pressure attainable in the disposal rooms from anoxic corrosion and
microbial degradation of high-organic wastes is approximately 150 bar because higher
pressures will exceed in situ lithostatic pressure (though pressures of up to 200 bar
may be attainable if the rooms can deform without fracturing the anhydrite beds).
Tests with pressurized CO2 will determine if the lower solution pH and/or formation
of actinide carbonate complexes from CO2 dissolution result in higher actinide
solubilities. These tests will use CO2 overpressures of approximately 60 bar. Beyond
this pressure, the increase of COs fugacity with pressure becomes much more gradual,
and thus the decrease in pH with increased CO2 pressure (up to 200 bar) is minor
(Appendix B). The actual pressures to be attained in the disposal rooms will be
determined by such factors as waste inventory, microbial processes, gas generation
rates, permeability of the anhydrite beds, and the temperature of the rooms.

9. The test containers would be leak tight. After the repository is sealed, the disposal
rooms will be airtight, and unless brine radiolysis prevents them, processes such as
anoxic corrosion and anaerobic microbial activity will ensue in partially or completely
brine-filled rooms once oxygen is depleted. A container with an excessive rate of
oxygen ingress will not achieve these conditions and thus cannot realistically simulate
post-closure disposal room conditions.

10. The temperature of the test environment would be controlled. The tests must be held
at a reasonably constant temperature, the average of which should approximate the in
situ repository temperature of the WIPP (ca. 30°C). Wide excursions in external
temperatures may significantly perturb microbial activity. Aside from maintaining the
temperatures of the rooms in which the tests are conducted to 30°C, no attempt
should be made to control the internal temperatures attained within the test vessels;
again this may unduly influence microbial activity.
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!
2.4.1. Test Compromises

Because only finite time and budget exist for conducting these tests, we must
introduce certain compromises:

1. The test vessels must be agitated. Diffusion cannot be relied upon to bring actinide
concentrations to a steady state. A quiescent system with multipoint sampling would
increase analytical costs tremendously without improving data quality. The agitation
system employed must ensure that all solid material has opportunity to interact with
the brine and that actinide concentrations in the brine are approximately uniform
throughout the test containers.

2. The waste must be "spiked" or augmented with actinides, as the actinide content of
TRU waste currently in inventory consists almost exclusively of Pu and Am. Non-
destructive analysis techniques such as passive-active neutron (PAN) spectroscopy can
measure approximately how much Pu is in each drum, and Am content can be
estimated from Pu/Am ratios (if known). 2.5 g Pu/100 L of brine will suffice to
yield 104 M, which is estimated by an expert panel elicitation (Trauth et al., 1991) to
be the upper limit of Pu concentration in the disposal rooms. A loading level of 5 g
Pu per 55 gal. drum meets this requirement. Loadings of the other actinides (Th, U,
Np, Am) must be brought to this level by spiking with actinide salts. It is unrealistic,
however, to spike with Am to this level in all tests because this would yield an
activity of 20 times that of the average drum. (The median alpha activity of an
equivalent drum is approximately 1 curie (WPD, 1991b), the equivalent of 14 g of
weapons-grade Pu. 5 g Am-241 has an activity of 17.5 Ci, or the equivalent of ca.
250 g weapons-grade Pu.) This could easily cause a condition more oxic than is
reasonable for the WIPP disposal rooms, and a lanthanide analogue of Am, such as
Nd, will have to be used for spiking in nearly all tests.

Tests must also be spiked with U, Th, and Np. These are very minor constituents of
the current TRU waste inventory that will become significant during the 10,000 years
following decommissioning. It should be noted that Th, U, Np, and Nd (or Am)
serve as chemical analogs for the four water-stable oxidation states of Pu: ThO2 (aq)
for Pu(IV), NpO2 . for Pu(V), UO22. for Pu(VI), and Nd3. (or Am 3.) for Pu(IIl).
Acquiring data for these elements will assist in preparing a model that will predict
mobilities for Pu under different conditions of Eh than those actually encountered in a
given sample.

3. The material in the test vessels must be completely inundated with brine, except for a
small headspace for gas collection. This is a limiting condition for the disposal
rooms, but if the test vessels are not completely filled, it will not be possible to
ascertain that all of the waste and actinides are in contact with the brine.
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4. Brines collected from the WIPP underground will be mixed with synthetic brine
because the quantity of natural brine available is not sufficient for conducting the
STTP. All tests will therefore contain a bacterial inoculum prepared from brines
collected from the WIPP underground, rock salt obtained from both the underground
and the surface of the WIPP Site, and material from surface lakes in the vicinity of
the WIPP Site. A recipe for the inoculated brine is described in Appendix C.

2.5 Test Matrix

The STTP is designed to measure radionuclide concentrations from the many sets of
conditions that may be attained in the WIPP disposal rooms. This requires selecting waste
types that will generate a broad spectrum of mobility-controlling variables in environments
expected in the disposal rooms.

The test matrix is designed to quantify the sensitivity of actinide mobilities to these
variables as they occur in existing waste types. The range of chemical environments possible
within a given waste type cannot be known with any certainty, and it is not reasonable to
attempt to define a "representative sample" for a class of TRU waste. Rather, this program
is intended to sample actinide concentrations principally from those waste types that are
expected to yield combinations of influences typical of those thz_ may be encountered in TRU
waste stored in WIPP disposal rooms. These results can then be used to test the validity of
laboratory data-derived numeric models to predict actinide mobility in TRU waste under
disposal room conditions.

The test matrix uses waste types that collectively provide a set of unique conditions
that sample each of the influences that affect steady-state concentrations of actinides. The
waste types tested in the proposed matrix (Appendix A) are categorized by TRUCON code
(Westinghouse, 1989) and are selected from these categories based on listed contents, process
knowledge, and actinide content. Three replicates of each experiment are required so that
probability intervals can be established for the actinide concentrations from each set of
conditions tested.

1. combustibles, TRUCON 116/216 (D1-3)
Of principal interest in these tests are the effects of cellulose degradation on actinide
solubility. Aerobic oxidation and fermentation will serve to lower system Eh.
Denitrification may produce complexing agents such as citrate and lactate.
Complexing agents may already be present in the waste from decontamination
activities. These will make up the bulk of complexing agents withdrawn from the
leachate at early times.
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2. combustibles with bentonite backfill, TRUCON 116/216 (D4-6)
The results from these experiments can be compared directly with those from D1-3,
measuring the effectiveness of the backfill in removing actinides from solution and
indicating whether the bentonite itself presents a significant colloid source.

3. "enriched" combustibles, TRUCON 116/216 (D7-9)
Although fermentation and denitrification are predicted to yield complexing agents
from cellulose, it is conceivable that this condition may not occur within the test
period. These experiments test the effects on solubility of a system containing both
"naturally occurring" ligands (such as lactate) and those introduced as part of the
waste stream (such as EDTA). In addition, these tests will follow the evolution of
ligand concentration over time to observe if microbial activity consumes or generates
complexing agents.

4. combustibles with solidified aqueous inorganic process sludge, TRUCONs 116/216
and 111/211 (D10-12)
In denitrification, cellulose or its fermentation products are oxidized by bacteria
capable of using nitrate as an electron acceptor. The NO3 is in turn reduced to N2 or
NH3. Denitrifying bacteria can oxidize organic acids to a-hydroxy acids, which are
effective complexing agents. The presence of nitrate in process sludges may be
significant in promoting this process in combustible waste.

5. metals, TRUCON 117/217 (D13-15)
Metals capable of corroding under anoxic conditions will reduce system Eh below the
stability limit of water, possibly stabilizing Pu(IIl) in solution. Both Fe (from mild
steel) and AI will anoxically corrode in brines. Less active metals such as Cu and Pb
may also corrode if H2S (from sulfate reduction) is present.

6. solidified aqueous inorganic process sludge, TRUCON 111/211 (L1-3)
This sludge is principally obtained in the course of wastewater treatment, in which Pu
and other actinides are coprecipitated with an iron floc, then filtered. These tests will
thus determine the effectiveness of the floc as a sorbent for actinides. The floc may
also be capable of generating colloids that can serve as hosts for suspended
radionuclides.

7. solidified aqueous inorganic sludge, TRUCON 111/211 with COs (L4-6)
These tests will be conducted with a CO2 overpressure of up to 60 bar. It is assumed
that actinide solubilities can be affected both by decreased pH and by complexation by
carbonate. The results from these tests will be directly comparable to those from tests
L1-3.

8. solidified aqueous inorganic sludge, TRUCON 111/214, no iron (L7-9)
Corroding steel in the disposal rooms provides a possible sink for actinides through
sorption. However, it is possible that CO2 in the rooms may passivate steel by
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forming a surface layer of siderite (FeCO3), which would render much less iron oxide
available for sorbing actinides. These experiments test the effect on actinide
concentration of removing iron oxides from the system, eliminating sorption of
actinides by these phases.

9. solidified aqueous inorganic sludge, TRUCON 111/211, no iron, Am-241 spiked
(LlO-12)
In addition to providing a source of sorbents, steel corrosion also lowers brine Eh in
its vicinity. Without steel (or other active metals), the oxidizing effects of radiolysis
dominate the Eh of the system. These experiments measure actinide concentration,
and possibly speciation, under the most oxic conditions reasonably attainable in the
rooms.

i 10. absorbed organic liquids, TRUCON 112/212 (L13-15)
These experiments will determine if high concentrations of organic solvents and
reagents in the brine significantly promote dissolution or suspension of actinides. If
the waste contains exclusively solvent residues their effect will be minimal, but if
chelating agents, extractants, or detergents are present their effect on actinide
concentration could be quite significant.

11. absorbed aqueous laboratory waste, TRUCON 113 (L16-18)
Chelating agents and extractants in this waste type may increase actinide solubility.

12. cemented inorganic particulates, TRUCON 114/214 (L19-21)
These tests will mainly examine the effects of increased pH on actinide solubility. It
is also possible that actinides may become incorporated into cementitious phases,
rendering them less soluble. Cementing certainly affects the leach rate, that is, the
rate at which actinide ions can come into equilibrium with the brine. Though this
effect may not be significant at long timescales, a highly retarded leaching rate would
make data from these tests difficult to interpret, and the cemented material will have
to be crushed before use.

13. cemented organic sludge, TRUCON 126/226 (L22-24)
These tests combine the factors in (10) with the possible presence of complexing or
chelating agents, which are generally more effective at the higher pH values caused
by the cement.

14. pyrochemical salt waste, TRUCON 124/224 (L25-27)
This waste type contains few actinide-concentration controlling influences and is thus
effective for individually testing the effects of materials other than wastes that are
present in the rooms, such as iron, backfill, and COs.
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15. pyrochemical salt waste (TRUCON 124/224) with bentonite backfill (L28-30)
These tests address the effectiveness of bentonite as an actinide sorbent in the

presence of high concentrations of divalent ions (particularly Ca2.) that compete with
the actinides for sorption sites on the clay particles.

16. pyroch_mical salt waste (TRUCON 124/224) with COs (L31-33)
As with tests IA-6, these experiments will test the effects of lower pH and carbonate
complexation on actinide solubility. The results from these tests and L25-27 can be
compared to determine the significance of COs by itself as a solubility-controlling
influence.

17. pyrochemical salt waste (TRUCON 124/224), no iron (L34-36)
These will test the effectiveness of steel corrodant as a sorbent for actinides.

18. pyrochemical salt waste (TRUCON 124/224), no iron, Am-241 spiked (L37-39)
As is the case in (9), the greater than typical alpha activity of this matrix (due to
24_Am) increases the rate of brine radiolysis, rendering the system more oxic, as the
H2 produced is relatively inert. The oxidizing products of radiolysis (such as 05,
H202, OCI) can in turn corrode steel, and the concentrations of these species in brine
v'ill be determined by the relative rates of brine radiolysis and oxic corrosion i,_ the
_ystem. These tests will determine whether steel corrosion or radiolysis is the
dominant influence on system Eh, and therefore on actinide speciation.

The test matrix in Appendix A includes all combinations of mobility-influencing
variables sufficiently unique to require testing. Although certain waste types that do not
appear in the matrix appear to be unique, the conditions they would yield in the test vessels
would be similar to those wastes already tested. These include:

1. RH-TRU. No remotely handled (RH) TRU waste is currently being considered for
testing in this program due to the increased difficulties involved in handling the test
containers and leachate from these materials. It is unlikely that the enhanced _ and 3'
activity in RH TRU waste will significantly impact brine chemistry because these
types of radiation have a much lower linear energy transfer than a particles, limiting
the impact of fission products on brine radiolysis. In addition, data on the
concentrations of fission products are not currently considered to be important to
demonstrating compliance with 40 CFR 191B and may be estimated from laboratory
data if the need arises.

2. Pu-238. Although a significant amount of alpha activity in the initial inventory is
from 238Pu (used as heat sources in radioisotope thermoelectric generator [RTG]
systems), there is no intrinsic chemical difference between this isotope and 239pu. The
indirect effects of higher alpha activity and consequently more intense radiolysis on
system Eh and actinide mobilization will be explored in the _4_Am-enriched test
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vessels, and there is therefore no need to include 23SPu-containing waste in the test
matrix.

3. Modified waste forms such as grouted, incinerated, or vitrified waste are not currently
in the inventory. Although these waste types may create conditions in the test
containers that are not identical to those accessed in the rest of the matrix (such as
biodegradable organics in an alkaline medium), these conditions will fall within the
scope of the laboratory tests, and it is likely that these conditions will inhibit rather
than provoke actinide dissolution. Also, these waste types do not exist in significant
quantities in the current TRU Waste inventory.

2.6 Analytical Requirements

2.6.1 Leachate Sampling

The goal of leachate sampling is to recover brine from the test vessels such that
leachate characterization (Section 2.6.2) can determine the actinide content and composition
of the brine as it existed in the vessel at the time of sampling. The leachate must therefore
be sampled and stored in a way that prevents changes in the sample prior to analysis. For
example, this means that the leachate cannot be exposed to air and that the walls of the
sample container must be sufficiently inert to prevent sorption of actinides. Also, samples
cannot be chemically treated to improve their stability (e.g., with respect to precipitation)
because this will obviously alter the composition of the brine matrix. Therefore, the leachate
must be analyzed as soon as possible after sampling and before sample deterioration becomes
significant.

It is expected that actinide concentrations in the test vessels will reach a steady state
within the duration of the STTP. It is anticipated that the tests will be operated for two to
three years. The test design permits individual tests to be operated for longer periods at the
discretion of the SNL principal investigator. This steady state differs from true chemical
equilibrium in that the concentrations may be held steady by some condition that is itself
transient, such as microbial activity or radiolysis. It is important, though, that leachate is
sampled from each container with sufficient frequency and duration to demonstrate that a
steady state has been reached at the end of the experiments. It is likely that sampling will be
accelerated at early times (approximately the first three months) because the actinide
concentrations in a given test container will initially be far from steady-state conditions,
causing potentially large changes in concentration during this period.
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2.6.2 Leachate Characterlzatiol_

The objectives of leachate characterization are to measure actinide concentrations in
the brine and to quantify the components of the brine that influence actin_de mobility. To
summarize, leachate characterization requires measuring actinide concentrations, pH, Eh,
quantity and type of radiocolloids present in suspension, identifying and quantifying
complexing agents, and determining concentrations of metal ions capable of competing with
actinides for active sites on complexing and sorbing agents. A complete description of
analytical requirements is given in Section 4.2.

The precision required for measuring actinide concentrations is determined by the
sensitivity required by the numeric model. As this model is no more precise than the
laboratory data that comprise it, which is typically 5:10% of actinide concentration, this
precision is sufficient. The detection limit is defined by performance assessment
sensitivities. For a given concentration of an isotope, one can plot a range of possible
releases, depending on assumptions made about the type of intrusion made and whether the
actinides experience chemical retardation in the Culebra (Figure 3a). For the purpose of
defining detection limits, we make the conservative assumption that no retardation takes place
in the Culebra and that the detection limit corresponds to the minimum concentration yielding
a normalized release of 10.2 in an E1E2 (double borehole) intrusion scenario (Figure 3b).
For 24_Amand 239pu, this corresponds to a concentration of approximately 101° molar. For
the other elements (Th, U, and Np), the minimum molarities run from 10 .9 tO 10"s; however,
because these elements are used as oxidation state analogs for Pu, their detection limits
should also be 101° M.

The detection limits for the species contributing to actinide mobility (e.g., colloids,
complexing agents) are not as rigorous because the ratios of actinide mass to total mass of
carrier species will be small. Therefore, detection at the 1 ppm level is required for
inorganic and organic anions that are capable of complexation. A detection limit of 10.7 M
for Pu oxidation state speciation is set by the limits of the technique. Concentrations of
suspended colloids are relevant only if they actually are carrying actinides; this is again more
significant in the leachates with higher actinide concentrations. It is not possible to
rigorously define the upper and lower limits of colloidal size that separate particles in this
size range from suspended particulates and dissolved molecular or ionic species. The lower
limit will essentially be defined by the experimental requirement of using a filter of sufficient
pore size such that filtration takes place at a finite rate. It is expected that 20 nm will be
smaller than all of the colloidal particles in the leachate, with the possible exception of
hydrated PuO2 colloids at very early times in the experiments. The available limits of
precision and detection for suspended actinides are expected to depend on the nature of the
host particle, but a detection limit of 10.7 moles of suspended actinide per liter of leachate
will meet the needs of the program and should be achievable in most samples.

The concentrations of metal ions other than actinides are of interest as well because

they can compete with actinides for active sites in chelating agents (which tends to depress
solubility) or in sorbents (which tends to enhance solubility). The principal competing ions
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will be Fe and A1, and possibly Mg. Pb(II) is similar in chemical behavior to Ca and may
be present in the leachate if corrosion of metallic lead (used in shielding) is significant.
Competition from Fe(III) and AI(III) will occur if test conditions permit corrosion of these
metals. The nonradioactive metals of analytical interest are thus Ca, Mg, Pb, Fe, and AI.
Competing ion effects will principally affect actinide concentrations at higher metal
concentrations, and detection limits of 100 ppb for these ions are sufficient.

2.6.3 Gas Measurement

The purpose of measuring gas composition inside the test containers is to determine
whether anoxic corrosion of steel is taking place and to monitor microbial activity. Gas data
are essential to the latter because the principal modes of microbial metabolism (fermentation,
denitrification, sulfate reduction, methanogenesis) will be identified only by their gaseous
products. It must be noted that gas production rates are expected to be accelerated by
agitation and inundation and that rate data from the source-term experiments are not
appropriate for predicting gas-generation rates in the post-closure repository.

Because both steel corrosion and microbial processes are controlled by system Eh, gas
composition is a qualitative Eh indicator. Gas should therefore be sampled simultaneously
with the leachate. It may be desirable to sample gas more frequently than this because
sampling frequency will ultimately be dictated by evolution of composition within the test
vessels. Data are required for gases associated with corrosion behavior (H2, CO2), microbial
activity (CO2, CO, CH4, N2, H2S), and leakage and radiolysis (02, H2, N2, CO, CO2).
Detection limit requirements are based on the sensitivities of corrosion and microbial
processes to trace gases (e.g., CO2, 02 for corrosion, 02 for microbes). It is estimated that a
1 ppm limit for all gases will suffice.
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3.0 TEST PREPARATION REQUIREMENTS

3.1 Waste Selection

Prior to waste characterization, it is desirable to learn as much as possible about the
contents of the waste drums used in this experiment. Initially, it will be necessary to rely on
the reported contents of the container, process knowledge, and TRU waste content. The
reported 239pu (or weapons-grade Pu) content of each 55-gal. waste container selected for further
characterization must be at least 5 g. Five grams of Pu in 210 L of brine would yield a 10.4M
solution if it were to completely dissolve." The other required actinides (Th, U, Np, and Am)
are desirable constituents, but are not present in all waste types and must be added during test
container loading as needed (see Section 2.3). 239pushould be the predominant plutonium isotope
in the waste, though the precise value of the 239pu/24°puisotope ratio is not very significant.
This test program does not require any tests with 238Pu,which would create additional difficulties
in handling the test containers and leachate samples without yielding any technical benefit. The
effects of higher alpha activity and consequently more intense radiolysis on system Eh and
actinide mobilization will be explored in 24_Am-enriched test vessels (see Section 2.5).

To ensure that at least 5 g Pu will be included in each test container and to prevent
possible experimental bias, the complete contents of a waste container will be used in the drum-
scale tests. At the discretion of the SNL principal investigator or his/her designee, specific items
may be culled from the waste and discarder'.. Samples for the liter-scale tests will be obtained
from waste containers individually; that is, a single waste container can supply material for only
one liter-scale test. Samples may be withdrawn from densely packed, semi-homogeneous waste
forms (e.g., cemented sludges) by coring.

For the subtests using "enriched" waste (Section 2.5), waste containers should be selected
appropriately according to content lists and knowledge of process history, if any.

3.2 Pre-Test Waste Characterization

Prior to opening the waste drums, a radionuclide assay is to be performed using passive-
active neutron (PAN) spectroscopy-based nondestructive analysis (NDA), or a technique yielding
equivalent or better precision. This will ascertain whether sufficient quantities of Pu (principally

"Some preliminary results have shown transient Pu concentrations of up to 10.3 mol/L in Brine
A. However, supplying sufficient Pu to yield a 10.3 mol/L solution upon complete dissolution
would require 50 g Pu per drum equivalent of waste, which is not representative of the alpha
activity of the drums in the current DOE inventory. If brine analyses indicate that complete
dissolution has been attained in one or more test containers, they may be spiked with additional
Pu per Section 3.4.2.
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239pu) are present for conducting the tests. Total Pu and Am may be estimated from the quantity
of 239pu measured and _gPu/total Pu and 241Am/239puratios, if known. Waste that has been
previously assayed using PAN or a more precise technique need not be re-assayed, provided that
the measurements were performed at a level of quality assurance that is compatible with the
WIPP Quality Assurance Program Plan (QAPP). NDA must be performed individually on all
waste samples to be used for the liter-scale tests to ensure that each sample contains a sufficient
quantity of Pu.

The contents of the drums will then be examined using real-time radiography (RTR) to
ensure that the selected drums meet both the descriptions of their content code and the WIPP
Waste Acceptance Criteria (WAC). Drums that do not fit their TRUCON or do not meet the
WIPP WAC will not be used for testing. The drums will then be opened, their non-nuclear
contents identified visually, and in the case of heterogeneous waste types such as combustibles
and metals, individual items will be weighed and cataloged. Waste characterization will require
removing all levels of containment so that individual items may be visually characterized.
Specific data quality objectives for visual characterization will be defined in the Test Plan.

Non-permeable (grouted or cemented) wastes must be broken or ground to allow intimate
contact between the actinides in the solids and the liquid phase. Cemented wastes should be
broken into pieces of a size that is reasonably expected to be fully leachable in brine during the
first year of testing. This size criterion will be determined through an experiment performed
prior to test initiation that measures the le_achrate of cesium ion from portland cement and
Envirostone into WIPP brine (Appendix E).

Adequate visual and physical characterization of the heterogeneous waste types will
require removing all levels of containment so that individual items can be examined and
identified. Any sealed containers present will need to be exfoliated to permit access of the brine
to container contents.

3.3 Test Container Loading

Drum-scale test containers will contain the contents of a standard 55 gal. waste drum and
allow at least 40 L residual volume to accommodate the brine mixture. Bentonite will be added

to the appropriate test containers during container loading. The desired brine-backfill proportion
will be determined by experiments that will measure brine-solid ratio and liquid filterability as
a function of the brine-backfill proportion (Appendix F). Brine will be added until the remaining
headspace occupies less than 10% of the container volume. The level of brine in the test
containers must be monitored during the filling procedure to prevent overflow. Provisions must
be made to control floating objects while the containers are being filled with brine by, for
example, placing a screen in the container top.
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The ambient-pressure liter-scale experiments must be loaded so that at least 1 L of free
liquid volume remains after brine addition and mixing. The high-pressure experiments will
contain at least 0.5 L free liquid volume after mixing. A discussion of brine/sludge mixing
experiments that will be used to estimate the initial waste/brine ratio may be found in Appendix
F.

The total loading of actinides in each test container must be at least 2.5 g per 100 L of
test container volume. It is anticipated that 232Th,238U,237Np,and UtAm (or Nd, using 1.5 g
per 100 L) will be used to spike the containers that have less than 5 g per drum equivalent of
these elements. Either the chloride or sulfate salts are suitable for use as spiking agents.
Thorium should be added as the tetravalent ion (e.g., ThCI4), neptunium as NpO_+ (e.g.,
NpO2CI), uranium as UO2_+ (e.g., UO2CI_), and Nd as Nd3+ (e.g., NdCI3). The weights of each
actinide salt should be known to within at least 0.5 %.

Certain liter-scale tests on sludges and pyrochemical salt waste (Appendix A) will use the!

same 2.5 g/100 L criterion for 24tAm in addition to the other four actinides. Test containers
falling short of this level may be spiked with an americium salt such as Am2(SO4)3. The total
amount of Am required for spiking will depend on the chosen size of the liter-scale containers,

but should not significantly exceed 0.75 g (5 L x 6 vessels x 2.5g/100 L).

The brine to be used throughout the test program is a mixture of synthetic Brine A with
an inoculum consisting from brine collected from the WIPP underground, salt from the WlPP
tailings pile, and mud from surrounding saline lakes (Appendix C). The temperature of the test
vessels must be monitored externally while the brine mixture is being added to the test containers
because temperature excursions caused by exothermic reactions may harm microbes in the WlPP
brine if sufficiently severe, e.g., to temperatures beyond 50°C. Such excursions (which are
unlikely except in waste that contains uncured cement) may be mitigated by slowing the brine
addition rate or by placing the vessel in a water bath. After the containers have reached thermal
equilibrium, they will be topped off with the appropriate brine mixture, then sealed. The
volume of brine in the test container must be known at least to within 1% of the total added

brine volume and should be measured at 30°C. The headspace within the test vessels should
allow sufficient space over the brine for gases to accumulate without overpressurizing the
container, but it should not allow the waste to float in such a way that it cannot be efficiently
agitated.

Waste forms requiring enrichment with complexing and chelating agents will be
spiked with both natural (occurring from cellulose degradation) and synthetic (added to waste
stream) ligands. Complexing agents in the waste inventory that may influence actinide
solubilities in brine include acetamide, acetate, ascorbate, citrate, bis(2-ethylhexyl) phosphoric
acid (DHP), EDTA, 2-hydroxybutyrate, 8-hydroxyquinoline, lactate, oxalate, 1,10
phenanthroline, thenoyltrifluoroacetonate (TTA), and thiocyanate. Several of these ligands will
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be used to spike the "enriched" combustibles tests (D7-9) based on their stability constants with
actinides and their estimated abundance in the DOE inventory. It is currently thought that these
ligands will include acetate, ascorbate, citrate, EDTA, oxalate, and thiocyanate. The identities
and quantities of ligands will be finalized prior to test initiation, based on laboratory screening

. @studies.

The STI'P requires that most test vessels (drum and liter-scale) contain iron or mild steel
to simulate the effects of container corrosion in the post-closure WlPP disposal rooms. Several
liter-scale tests will be run without iron to determine if the iron is significant in generating
Fe-based colloids, removing Pu-based colloids, or controlling solution Eh. For the drum-scale
tests, the surface area of the added steel must be equivalent to that of a standard 55-gal. waste
drum, which is approximately 4 ms (considering both internal and external surface). The liter-
scale tests require corrodant with area equal to (4 m2) (waste volume/210 L). The corrodant
must be thick enough so that corrosion will be incomplete after five years of testing. A sample
calculation that may be useful for selecting a corrodant mesh is given in Appendix G.

It will be necessary to remove oxygen from the test containers after they are loaded with
waste and brine. Procedures and criteria for oxygen removal will be developed and documented
by SNL and LANL prior to test initiation and will be approved by the SNL principal investigator
or his/her designee.

3.4 Design Requirements

The container designs will not be specified in this document, although the requirements
and considerations for adequate container design are addressed here. Engineering designs will
be finalized in conjunction with LANL.

3.4.1 Container Requirements

The high chloride concentration characteristic of WIPP brines and Brine A is corrosive
to steels. Even stainless steels such as SS316 experience a high rate of stress corrosion when
exposed to these brines at elevated temperatures (Braithwaite and Molecke, 1980; Molecke et
al., 1993). Insofar as the test containers may contain brine for many years, ferrous alloys are
not recommended for use in S'VI'P container construction. Inert liners or coatings that can be

"G. Choppin (Florida State University) estimates that these iigands (in addition to hydroxide and
carbonate) have the highest potential for increasing actinide solubilities in brine in contact with
TRU waste (Brush, 1990). This list is based on assumptions of quantities of ligands in the
inventory and their solubilities in brine. If insoluble ligands are present in significant amounts,
and if they emulsify during agitation, they will have to be extracted from the lear.hate samples
using organic solvents.
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scratched or abraded by waste items during agitation will not adequately protect the surface of
a steel container. It is therefore recommended that the drum-scale containers be fabricated from

an inert metal such as a Ti alloy. Liter-scale containers may be fabricated from standard
nonferrous, corrosion-resistant materials such as Inconel, Hastelloy, Ti, Ni, or Zr.

For the waste types used in the drum-scale tests, increased test container size will tend
to "average out" waste inhomogeneity, leading to better agreement between replicates and thus
less uncertainty in the actinide concentrations for a given waste type. The selection of a
container size, which will be determined by LANL, will depend on factors such as container
availability, overpack requirements, and compatibility with radionuclide-assay equipment. The
drum-scale test containers are required to use the contents of an integer number of waste drums
(Section 3.1). This requirement can be met by using a test container that will accommodate the
contents of a 55-gal. drum, backfill material (as required), and approximately 40 L of brine
present as free liquid. It is estimated that a test container capacity of 65 L will be sufficient.
While container volumes much larger than this are suitable technically, the larger brine volume
thereby required increases any problems associated with brine disposal during test
decommissioning.

Containers on the order of 2-5 L volume can bc used for the liter-scale tests. Smaller
containers will not accommodate sufficient free brine volume to permit the sampling schedule
described in Section 3.4.2.

3.4.2 Mixing and Sampling Requirements

To allow all of the solid phase material the opportunity to react with the brine and render
the results from leachate sampling more meaningful, it is essential that both the liquid and solid
contents of the test containers are thoroughly mixed. Several design concepts involving external
agitation of the test containers may provide reliable mixing. These include shaking or oscillating
the drums using a device similar to a large paint shaker or turning drums that incorporate curved
ribs fixed to the inside walls on a rotary mill or tumbler.

Leachate samples will be withdrawn from ports on the ends or sides of the containers.
Each test vessel should have two sampling ports located on opposite sides of the container or dip
tubes of different lengths connected to the lid. This will allow leachate samples of at least 50 mL
to be withdrawn so that air cannot contact the sample or intrude into the test vessel, and
dissolved gases cannot escape from the leachate. The efficacy of mixing will be tested by
sampling from both ports and comparing the compositions of the two samples. The frequency
of dual sampling will be determined for each container based on previous results, though in
general, dual sampling will probably not be required every time leachate is withdrawn.

Prior to test initiation, the efficacy of agitation in the drum-scale containers will be tested
in a prototype that will contain nonradioactive combustible waste and a bentonite backfill
material. A neodymium (III) salt tracer will be added by soaking a cloth with a solution of the
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tracer and adding the cloth to the mock waste. At least one sample will be taken after each
agitation cycle fromeach of two sampling ports located at opposite ends of the prototypevessel.
One port must be located along the inside of the drum wall; the other located along the
longitudinal axis of thedrum. The criterion for acceptable agitation is defined hereas less than
10% difference in tracerconcentration in samples taken from different ports. The prototypewill
be tested to determine the number of agitation cycles required to meet this requirement.

Container agitation must be stopped between 18 and 32 hours prior to sampling.
Ambient-pressureexperimentswill be sampled semimonthlyduring the first threemonthsof the
experiment and bimonthly thereafter. High-pressureexperiments will be sampled every four
months, due to the lower volume of free brine and the greaterdifficulty of sample collection in
these tests. Any gas pressureexceeding 3 psig will be vented prior to sample collection from
the ambient pressure tests. Liquid must be collected from the high-pressure vessels without
significant loss of gas pressure from the container and filtered under pressure. In all tests,
sampling equipment must be preconditioned so that no significant quantities of radionuclidesare

lost through sorption.

Test containers must be able to accept additional liquid or suspended actinide spikant
during operation if leachate analyses indicate that the concentrations of one or more actinides
in the brine have become limited by actinide inventory.

3.4.3 Temperature Monitoring and Control

Temperature of the test environmentshould be held at 30°C with a maximum deviation
of ± 5°C. This range is specified so that the chemistry and biology of the waste-brine system
will be WlPP repository relevant and will not be unduly perturbed by temperature excursions
external to thetest vessel. A thermocoupleshould be installed on each test container to monitor
the temperature within the vessel, which may change as a result of microbial activity.
Temperaturedata will be recorded,andit is anticipated that temperature measurement to within
2°C will be sufficient.

3.4.4 Gas Sampling and Relief

Gas may build up in the test containers as the result of anoxic corrosion of steels,
microbial activity, or brine radiolysis. The test containers will allow for periodic sampling of
gas for compositional analysis (Section 4.3). All containers will have provisions for venting any
gases before the pressure exceeds the normal limits of the container. Excess gas pressure (> 3
psig) must also be released prior to sampling, and gas samples may be taken concurrently with
leachate sampling. Both sampling and venting must take place without introducing air into the
vessels. Gas may be ventedor sampled into individualtraps or into a manifold. Both drum- and
liter-scale vessels will require fixtures for venting and sampling, with theexception of the high-
pressure liter-scale vessels, which do not requiregas sampling ports.
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3.4.5 Leak.Tightness

The maximum rate at which radioactive brine may be leaked from the test containers
during the experimental phase is an important operational concern. For the purposes of
calculating the highest acceptable brine-leak rate, it may be tentatively assumed that the
maximum specific activity of the leachate will be 200/.,Ci/mL.'

It is essential to the success of the STTP that the chemical conditions within the test

container resemble those in the disposal rooms during the post-disposal phase. This requires that
atmospheric oxygen be excluded from the containers to the extent possible because even trace
quantities of oxygen can interfere with anaerobic microbial metabolism and anoxic steel
corrosion and oxidize Pu from the trivaient to the tetravalent oxidation state. However, it is also

recognized that it is impossible in a finite amount of time to ascertain that the O2 ingress rate
in a container is "zero." Also, very small quantities of oxygen leaked into the containers will
probably have little effect on the systemas long as these quantitiesare less thanthosegenerated
by radiolysis, or are insufficient to inhibit anoxic corrosion or anaerobic activity. Unfortunately,
the maximum O2 concentrations tolerated by these processes are unknown, and it will be very
difficult to derive these data through experiment. However, it is apparent that an 02 ingress rate
that does not exceed the rate of production of oxygen (or other oxidizing species) through
radiolysis will not bias the experimental conditions. From data on radiolysis of Brine A solutions
containing _Pu (Reed et al., 1993), it is calculated that radiolysis from a solution of 10? mol/L
2_l'u in brine in a 2.50 L container will generate ox,dizing species equivalent to 1.3 ppm 02 per
year. While data required to make meaningfid estimates of radiolytic production from actinide-
co,taining solids are not available, it is observed that gas production from undissolved alpha
sources is much less efficient than from dissolved sources. It is concluded that an O2 ingress rate
yielding no more than 2 ppm oxygen per year in an empty container will aid in rendering the
data from the s'vrP experiments defensible and is therefore a goal of the project. It is required
that no drum- or liter-scale container has a calculated or measured O2 ingress rate exceeding 20
ppm ()_ per year.

It should be noted that due to their smaller size, the allowable leak rate (in mL/s) of the
liter-scale containers will be approximately 100 times less than that of the drum-scale containers.
All containers must be leak-checked prior to use. If helium is used to leak-check the containers, i
a correlation bctwcen O2 ingress rate and He leak rate must be established either by calculation
or by experiment using prototype containers.

"This assumption is based on a maximum Pu and Am concentrations of 2x 10.4 M in the brine,
and alpha-curie contents of 0.07 Ci/g and 3.5 Ci/g for weapons-grade Pu and _4tAm, respectively
(Zerwekh, 1979).
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3.4.6 High-Pressure Experiments

The COs overpressure to be used in these experiments is 60 bar. It is assumed that
commercially available Hastelloy autoclaves will be suitable for these experiments with minor
modification. Leachate must be withdrawn and filtered under pressure, but filter(s) may be
made a part of the sampling apparatus. The pressure drop across the filters should not be great
enough to cause them to rupture. Pressure must be held constant during sampling using an
external source of COs. Only one leachate sampling port is required on these containers.
Leachate will be stored at ambient pressure. Particle sizes will not be analyzed; instead, the
leachate will be digested to bring all precipitated and suspended material into solution prior to
elemental analysis. These containers will not be resupplied with fresh brine during the tests;
therefore, it is anticipated that fewer than ten brine samples will be taken from these containers.
Gas samples will not be taken from the high-pressure experiments.

!
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4.0 TEST OPERATION

The source-term tests will be operated in accordance with the quality requirements of
DOE Order5700.6C, with the applicable supplemental requirementsof NQA-1, or with future
revisions of these standards. The WIPP QAPP pertains to the source-term tests because data
from these tests will ultimatelysupportWIPP PerformanceAssessment.

4.1 Leachate Sampling

A liquid leachate sample of approximately50 mL volume will be periodically drawn from
each test container. The leachate sample will be drawn through a 1 _,m filter. All dissolved
species and suspended colloidalparticles in the liquid sample (defined hereas havingan effective
diameter of less than 1 _m) will pass through this filter. Although filtration should be
performed as soon as possible after sampling, no experimental constraint requires that the
filter(s) be a part of the sampling apparatus. Particulate materials collected on the 1 _m filters
will not be analyzed. The filtered samples must be collected in containers treated to minimize
sorption of the actinide ions onto the container walls. It is essential that the samples be
withdrawn so that contact with air is prevented and that they be stored in airtight vessels to
prevent both oxidation of metal ions in the leachate and loss of dissolved gases in the brineprior
to analysis. In addition, exposure of the sample to light should be minimized. Liter-scale
containers may requireperiodic reinjection of WlPP brine/Brine A mixture to prevent depleting
the test vessel of brine.

The stability of the leachate samples over time is unknown. Results from aging studies
on standards used in analytical method development and on the leachate samples taken from the
initial experiments will define the maximum allowable interval between sampling and leachate
analysis.

Relevant sampling data to be recorded include date and time of sampling, volume drawn,
and other observations, including difficulties encountered during the procedure, It is assumed
that the test facility will withdraw leachate samples quarterly, although an accelerated sampling
schedule will be followed during the first few months of the experiments. It is assumed that 16
samples will be withdrawn from each test container, on average, over the lifetime of the
experiments.

4.2 Leachate Analysis

The criteria for the techniques and requirements of the analyses used to characterize the
leachate samples are defined in this section. The following analyses and procedures will be
performed on all samples, generally in the order given here:
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1. pH measurement. This is complicated by the high ionic strength of the brine, which
renders unequivocal hydrogen ion activity measurements difficult. It is desired that pH
actually be determined as pcH (-log_0[H+], as opposed to -logt0aH +) and that
measurements will be accurate to within 0.2 pcH units. The technique required uses a
combination glass electrode calibrated using spectrophotometric methods (Byrne, 1987;
Felmy et al., 1989). SNL will provide a procedure for the execution of the pert
measurement.

2. Oxidation potential (Eh). It is recognized that this measurement will not definitively
determine the distribution of oxidation states within the samples, due to kinetic barriers
to reduction of actinide oxy-cations (Lindberg and Runnels, 1984). However, anomalies
in Eh among leachate samples from the same waste types will indicate whether a full
determination of the oxidation states of Pu should be performed for these samples. Eh
measurements may be estimated using a saturated calomel (SCE) reference electrode with
a platinum working electrode or from relative concentrations of species in redox couples
such as Fe+3/Fe+2."

3. Filtration: half of the leachate sample will be sequentially filtered to remove all
suspended material. One possible series of pore sizes would be 1/_m _ 450 nm --, 220
nm --, 100 nm --, 50 nm _ 20 nm. Some pre-test experimentation may be necessary to
determine the ideal pore size for the smallest membrane filter. Both the volumes of the
original sample and the filtrate should be known to within +2 %. In subsequent analyses,
coarsely filtered leachate refers to brine that has passed a 1 #m filter, and finely filtered
leachate denotes brine that has passed through a 20 nm filter.

4. Rough concentration measurement. Liquid alpha-scintillation or energy-dispersive x-ray
fluorescence (ED XRF) can be used to approximately measure relative actinide
concentrations in the filtered and unfiltered leachate portions. This will determine the
workup procedure to be followed prior to using ICP-MS (step 7) and to aid in selecting
standards for same. The purpose of measuring concentrations in both portions is to
establish whether significant activity in the brine is actually in suspension. If activities
are similar in the coarsely and finely filtered leachates, actinides are probably not borne
by colloids in the sample and particle size analysis (step 6) is unnecessary. It should be
noted that high precision actinide determination at low concentrations in the unfiltered
leachate using LSC will be difficult if actinide-carrying colloids are present. If it is
apparent that actinide concentrations are significantly higher in the unfiltered leachate,
the colloids will be dissolved and the actinide concentrations remeasured to give values
for total liquid phase and colloidally bound actinides (step 7). Alternatively, the filters
used in step 4 may be analyzed for actinides and possibly their colloid host matrices,
using XRF or a related technique.

"A description of oxidation potential measurement in saline waters is given in Breck, 1974.
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5. Particle size analysis. The unfiltered leachate may contain suspended colloidal particles
ranging in size from l_m or larger (resulting from exfoliated clays) to 1-2 nm
(polynuclear plutonium species). It will be necessary to measure dispersion of particle
size in the leachate, that is, to determine the fraction of suspended particles within a
given size range. Light scattering measurements or sequential filtration should be
adequate for dispersion measurements in the size regime expected for exfoliated clay
particles. Scanning electron microscopy (SEM) or transmission electron microscopy
(TEM), in combination with a microanalysis method such as energy-dispersive x-ray, will
be required to characterize the smaller colloids.

6. ICP-ES and/or ICP-MS (Inductively coupled plasma emission spectroscopy, mass
spectrometry). ICP-MS will be used to measure the concentrations of the actinide
elements Th, U, Np, Pu, Am, and Nd. Detection limits for all actinides should be at
least 101° M with 100% precision or better at this concentration and 10% precision at
10 .9 M and higher."

7. Flame or furnace atomic absorption spectrophotometry (AAS), to determine Fe, Pb, AI,
Mg, and Ca. These elements may be determined using ICP-MS (except for Fe and Ca,
which suffer from poor detection limits due to isobaric matrix interferents) if convenience
dictates. If no AAS is available, ICP-ES or ISE may be used for determining Fe and Ca.
Detection at 1 ppm is desired.

8. Ion chromatography, to measure concentrations of free fluoride, nitrate, phosphate,
sulfate, and carbonate anions in the portion of the sample passed through the smallest
membrane filter.

9. Total inorganic carbon (TIC) analysis. This will determine both free and complexed
carbonate ion concentrations in the filtered leachate.

10. Total organic carbon (TOC) analysis on both the filtered and unfiltered leachate. This
will indicate whether significant quantities of organic material are suspended in the
unfiltered leachate, either as colloids or as emulsified liquids. If this is the case, and if
actinide concentrations are substantially greater in the unfiltered leachate, extraction may i

be indicated to reveal whether the actinides are associated with the suspended organics.

11. Analysis of dissolved organics: the organic components that need to be characterized are
those ligands that are part of the original waste matrix, those used as spikants, and those

"This requirement is derived from the minimum Pu and Am concentrations yielding a normalized
release fraction of IO 2 for that element, assuming a double borehole (EIE2) intrusion with no
retardation in the Culebra. This requirement is extended to Th, U, and Np as well because they
serve as oxidation state analogs of Pu.

35



produced by microbial degradation of cellulose. These ligands include acetamide,
acetate, ascorbate, citrate, bis(2-ethylhexyl) phosphoric acid (DHP), EDTA,
2-hydroxybutyrate, 8-hydroxyquinoline, lactate, oxalate, 1,10 phenanthroline,
thenoyltrifluoroacetonate (TTA), tartrate, and thiocyanate. This list may be expanded
in the Test Plan to include other ligands produced by degradation of cellulose. Analysis
should reflect the total quantity of these ligands in solution, both complexed and
uncomplexed, although it is not necessary to differentiate between these. Ion
chromatography and high-performance liquid chromatography (HPLC) may be
appropriate techniques, depending on whether a given analyte is analyzed as a charged
or neutral species. Required precision levels and detection limits will be determined in
the course of analytical method development, although +20% and 1 ppm are considered
target values. Only the filtered leachate (leachate that has passed the smallest membrane
filter used for workup) will be analyzed.

Unusual results from the preceding analyses may require an extended workup of the
leachate, at the discretion of the principal investigator or the lead analytical chemist.
These investigations include:

12. Speciation studies. An unusual solution potential (Eh) measurement or abnormally high
Pu concentrations may warrant a detailed breakdown of the distribution of dissolved Pu
among its four expected oxidation states (III, IV, V, and VI). Depending on the Pu
concentration in the solution, either spectrophotometry (Stumpe et al., 1984) or
extraction/coprecipitation (Nitsche et al., 1988; Kobashi et al., 1988) may prove to be
most effective, although it is most likely that only samples sufficiently concentrated in
Pu to allow spectrophotometric determination (> 10 .7 M) will be considered for this
analysis. High Pu concentrations may also indicate complexation or chelation by either
organic or inorganic ligands. If these processes cannot be adequately identified in
analyses 8 through 11 (above), it will be desirable to attempt to measure the proportions
of free, and complexed Pu in solution. Photoacoustic spectroscopy may be useful, but
prior analytical methods development will be required.

13. Characterization of microorganisms in leachate. Unusually high rates of gas production
suggestive of microbial activity (e.g., generation of CO2, CH4, H2S, etc.) will indicate
culturing a sample of coarsely filtered leachate and measuring the concentration of
colony-forming units (CFUs) in the brine. This analysis will reveal if signs of microbial
activity are associated with significant multiplication of halophilic and halotolerant
bacteria introduced into the test containers via the brine collected from the WIPP

underground (section 2.4). If possible, both the concentration of CFUs and their
taxonomic classification should be determined. A qualified microbiologist trained in the
handling of alpha-emitting materials should perform the bacterial culturing and counting
procedures. Descriptions of these procedures will be provided by SNL.
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4.3 Gas Sampling and Analysis

The STFP experiments will sample and analyze the gas to identify major light gas
constituents and their relative proportions over time. Information on gas composition is critical
to the experiments because it will aid in identifying anoxic corrosion and brine radiolysis and
may indicate the type and extent of microbial processes taking place. Gas data will thus be a
principal indicator of effective Eh within the test vessels. Test containers will require a pressure-
relief mechanism, a particulate filter that will prevent release of radioactive material, and either
a carbon composite filter (or some other type of gas scrubber) for sorbing VOCs, or a system
for venting these gases in a controlled fashion.

All tests require sampling of the headspace or effluent gas to determine composition.
Gases of interest include H_, O5, CH4, CO, COs, H2S, and N2, because these gases signal such
events as anoxic corrosion, microbial activity, radiolysis, and container leakage. One possible
sampling method requires drawing gas through the particulate filter into an evacuated stainless
steel container and measuring gas composition using gas chromatography (GC) with mass
spectrometry (MS) or other techniques. Gas composition can also be measured in "real-time"
by drawing gas from a vent trap directly into a GC-MS apparatus, though it may be difficult to
sample while agitating the test vessels, and agitation may be interrupted to permit sampling. In
any case, gas will be sampled at a point in the system upstream of the carbon composite filter.
It is anticipated that gas will initially be sampled every three weeks, then monthly after the first
12 weeks of the experiment.

4.4 Other Operational Considerations

Data from the brine leachate analyses must be available for rapid review by both the SNL
Actinide Source-Term Program staff and the lead analyst at LANL to permit possible changes
in test sampling schedules, to help evaluate potential problems, and to provide timely, periodic
input to support model evaluation and WIPP Performance Assessment.

The analytical procedures described above have not been fully developed for use in high
ionic strength solutions (such as the brine leachate from these tests) and will require preliminary
investigation to determine their applicability to leachate characterization. The complexity of the
leachate matrix introduces a significant degree of unpredictability into its chemistry, and certain
procedures listed in this section may require modification by the laboratory conducting the
analyses or a future redefinition of analytical criteria. Full development of analytical methods
must therefore precede the initiation of both the drum- and liter-scale tests.

Following analysis, any unused leachate sample will be archived at 30°C for possible
additional work. Residual leachate samples will be retained for a minimum of one year at the
analytical laboratory location or until released by the SNL principal investigator and SNL WIPP
QA. It is assumed that the residual leachate will be disposed of by the analyzing laboratory after
release.
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The STrP tests are anticipated to continue for approximately 2-3 years, though individual
tests may be extended at the discretion of the SNL principal investigator or his/her designee.
After leachate analyses indicate that the actinide concentrations in individual experiments have
reached a steady state, tests may be decommissioned or subjected to settling experiments, again
at the principal investigator's discretion. These settling experiments will monitor colloidal
concentrations in unagitated containers as a function of time. After brine has been removed from
the containers as part of decommissioning, solid samples may be recovered for post-test analysis
to determine how actinides are distributed within the solid phases present. If possible, the solids
responsible for controlling actinide solubility will be identified.

Specific requirements for decommissioning and decontamination will be defined by
LANL.
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Appendix A: $TTP Test Matrix

Expt. no. TRUCON description backfill
code

........................... - - 7 i i I l I Ill III,llllI : ! I 7 I I I [ J I ,l IllII I l I .........

Drum-scale tests:

DI, D2, D3 1161216 combustibles none

D4, D5, D6 116/216 combustibles bentonite

D7, D8, D9 116/216 combustibles, enriched none

DIO, DII, DI2 i16/216+111/211 combustibles and sludge none

DI3, DI4, DI5 117/217 metals none

Total' 15 drum-scale tests

Liter-scale tests:

L 1, L2, L3 ! 11/211 dewateredaqueousinorganicsludge none

L4, 1..5, 1.,6 1111211 dewatered inorganic sludge w/CO2* none

L7, L8, L9 I11/21! inorganic sludge, no iron none

LI0, Li 1, LI2 111/211 sludge, no iron, U'Am spiked none

LI3, LI4, LI5 112/212 absorbed organic liquids none

LI6, LI7, LI8 113/213 absorbed aqueous lab waste none

LI9, L20, L21 114/214 cemented inorganic sludge none

L22, L23, L24 126/216 cemented organic sludge none

L25, L26, L27 124214 pyrochemical salt waste none

L28, L29, L30 124/214 pyrochemical salt waste w/CO2 * none

L3 I, L32, L33 124/214 pyrochemicai salt waste bentonite

L34, L35, L36 124/214 pyrochemical salt, no iron none

L37, L38, L39 124/214 pyrochemical salt, no iron, U'Am spiked none

Total: 39 liter-scale tests

* CO2 = 60 bar CO: overpressure.
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Appendix B: Effect of Increased CO 2 Pressure on Brine Chemistry

Date: May 20, 1993

To: E.J. Nowak, 6345; and E. D. Gorham, 6119

From: Craig F. Novak, 6119

Subject: Modeling of the Chemical Alteration of SPC Brine as a Function of COs (g)

Fugacity, and Modeling the Fugacity of Pure COs (g) as a Function of

Pressure

8-2



SandiaNationalLaboratories
Albuquerque, New Mexlao 87185

date: 20 May 1993

to: E.J. Nowak, 6345, and E._, Gorham, 6119

from:Crmg P. Nov_, 6119

=ubject:Modeling of the Chemical Alterationof SPC Brineas a Functionof CO2(g)
Fugacity,and ModelingtheFugacityofPure CO2(g)as a FunctionofPressure

i

S1!mmary

This memorandum presentsresultsfrom two modelingstudiesexamining
thecompositionalchangesofa syntheticSaladobrineinresponsetocontact#ith
CO2(g)at variouspressures.The firstmodel examineschangesin thechemical
compositionof the brine as a functionof CO2(g) fugacity,which is a
thermodynamic functiondescribingthe tendencyof CO2(g)to dissolve.The
secondmodelexaminesthefugacityofpureCO2(g)asa functionofpressure.For
a pureCO2(g)phaseatlessthan 200 atm pressure,theresultssuggestthatonly
thepH and dissolvedCO 2 contentofthebrinewillchangeinresponsetopressure
changes. In addition,thc models indicatethat the CO2(g) fugacityis
approximatelya linearfunctionofpressurewitha relativelylargeslopethrough
--65atm. At greaterpressures,theCO2(g)fugacityremainsa linearfunctionbut
witha much smallerslope.

This work supportsthe Laboratoryand Modelingportionsofthe Actinide
Source Term Test Program (ASTP) by delineatingranges of dissolvedCO2
concentrationsthatcouldoccurintheWIPP underground,and thusmay need to
be examined inthe laboratory.Moreover,theseresultscouldhave implications
forchoosingoperatingconditionsforthe proposedliter-scaleexperimentswith
high CO2(g) pressuresthat are partof the ActinideSource-TermWaste Test
Program (STTP).

Introduction

Microbial degradation and radiolysis of WIPP wastes may generate gases

such as CO2(g), H2(g) , and H2S(g) in sufficient quantities to reach high pressures

in the disposal rooms (Brush, 1990). The CO2(g) so generated could dissolve in
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brines that may collect in the WIPP disposal rooms, increasing the brine acidity

and the amount of dissolved CO 2 available for complexation with actinides. This
memorandum uses established, validated chemical models for the brine and gas

phases to examine the solubility of carbon dioxide in a synthetic brine. The
synthetic brine is intended to mimic the major chemical constituents of brines

collected from the Salado Formation, and has thus been named Salado Primary

Constituent Brine, or SPC Briner.

Two separate models are used to address CO2(g) solubility in SPC Brine.
The first model considers changes in the chemical composition of the brine as a

function of the CO2(g) fugacity in equilibrium with the brine. (Fugacity is a

thermodynamic function used to describe phase equilibria, and is discussed in

more detail below.) The second model considers the gas phase, examining the

fugacity of pure CO2(g) as a function of the system pressure.

The calculations in this memorandum suggest upper limits for dissolved

CO2(g) concentrations that need to be considered as part of the WIPP laboratory

program to measure actinide solubilities, and provide estimates of the sensitivity

of brine composition to CO2(g) fugacities. The calculations also suggest ranges of

CO2(g) pressures that may be used in planned experiments to approximate

conditions in WIPP disposal rooms after decommissioning.

Model for Brine Chemistry

The chemical alteration of SPC Brine under increasing fugacities of carbon

dioxide gas was studied using the equilibrium batch calculation option of the FMT

code (Novak, 1993; Novak and Sevougian, 1992). The simulations use the validated

chemical database of Harvie et al. (1984) with the extension to include boron of

Felmy and Weare (1986). The simulations were performed to estimate upper

concentration limits for dissolved CO 2 that may occur in disposal room brines

under high CO2(g) pressures. These limits are important for establishing

? SPC Brine is based on the composition listed as "Briue A" in Table 2.2. of Brush (1990).
However, the brine compositiou listed was not the original Brine A as defined in Table 2 of
Molecke (1983), but rather a truncated version containing only the major constituents; Sr,
Li, Rb, Sc, I, and Fe were not included. In all attempt to eliminate possible confusion, the
new name Salado Primary Constituent Brine was coined for the purposes of this
memorandum and for future work.
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concentration ranges under which to study actinide solubilities. The brine phase

was considered to be incompressible in all calculations.

Composition of SPC Brine

Table 1 presents the composition of SPC Brine. The composition is based on

that of the truncated Brine A given in Table 2.2 of Brush (1990). However, the

elemental calcium concentration was taken to be 15 mM instead of the 20 mM

listed in Brush (1990) because of an oversight in propagation of significant figures

when the table was being prepared (Brush, personal communication, 27 March

1992). When this brine was equilibrated at the specified pHt, the model predicted

precipitation of approximately 10 mM of magnesite, MgCO3(s). This could be the

result of the specified pH, the meaning of which is very difficult to interpret in

brines (see for example Knauss et al., 1991; Mesmer, 1991; Knauss et al., 1990).

However, the effect on total magnesium content is negligible, and the effect on

dissolved carbon content is unimportant because of the large source of CO2(g) in

contact with the brine in further equilibrium calculations.

t interpreted throughout this memorandum to be the negative logarithm of hydrogen ion
activity using the "unscaled" activity coefficient convention in the chemical model of
Harvie et al. (1984).

Table 1. Equilibrated concentrations in SPC Brine.

mM Molality mg/liter
i

Sodium 1830 2.00 42100
,,

Potassium 770 0.840 30100
Magnesium 1430" 1.56 34800
Calcium 15 0.0164 601
Chlorine 5350 5.83 190000
Sulfur 40 0.0436 1280.
Carbon 0.161" 1.76xl 0-4 1.93
Boron ............ 20 0.0218 216
Bromine 10 0.0109 799
Specific Gravity 1.2
pH 6.5
Excess Positive Char(jet 0.0532

Values for magnesium and carbon are both about 10 mM lower than the15mM value given by
Brush (1990) because of the predicted precipitation of -10 mM of magnesite, MgCO3(s), during
the equilibrium calculation.

t When sufficient protons were added to attain the required pH, the listed Excess Positive Charge
resulted.
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Expression for CO2(g) Fuga¢ity in the Brine Model

Equilibrium with carbon dioxide was simulated by adding a pure CO2(g)

phase to the brine system and adjusting the total pressure. Thermodynamically,

phase equilibrium is attained when the chemical potential of each species, e.g.,

CO2, is the same in each phase. The chemical potential of gaseous carbon

dioxide, _lCO2(g), is related to its dimensionless free energy of formation, _lCO2(g),

and to the CO2(g) fugacity, fcO2(g), by

o fcO2(g )

_lCO2(g ) = _lC02(g ) + In 1 at------_ (1)

The CO2(g) fugacity is given by

fcO2(g) = ¢C02(g) Yco2(g) P (2)

where _}C02(g) is the fugacity coefficient, and Yco2(g ) is the mole fraction of CO2(g)
(p. 227, Smith and Van Ness, 1975). The gas model currently implemented within

FMT assumes the gas phase is ideal, i.e., that the fugacity coefficient, (_CO2(g), is
unity. Thus, the fugacities of gaseous species are approximated as the partial

pressure, i.e., the gas mole fraction times total pressure. Because the gas phase

was pure CO2(g) , the carbon dioxide mole fraction was also unity in the

simulations. Therefore, the specified total pressure was actually an effective

pressure equal to the CO2(g) fugacity. The fugacity of pure CO2(g) as a function of

pressure is considered in the second half of this memorandum.

Brine Model Results: SPC Brine Composition as a Function of C02(g) Fugacity

Element molalities as a function of CO2(g) fugacity are plotted in Figure 1

on both linear and logarithmic fugacity axes. When the CO2(g) fugacity is less

than about 300 atm, the only element concentration that changes with fcO2(g ) is

the total inorganic carbon (TIC). All other element molalities are approximately

constant. The total element concentrations do not change below this fugacity

because there is no mineral dissolution or precipitation, other than small

amounts of magnesite at carbon dioxide fugacities less than about 10 atm.

However, the model predicts the pH will decrease by about four units over this

fugacity range, as shown in Figure 2, due to CO2(g) dissolution and dissociation
!

into H + and HCO 3. Calculated total inorganic carbon dissolved in the brine is

about 1.2 molal at fcO2(g)=100 atm and about 3.8 molal at fco2(g)=320 atm. At
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CO2(g) fugacities greater than about 300 atm, the model predicts precipitation of

halite, NaCl(s), and other minerals, as shown in Figure 3. This precipitation

causes the decreases in element concentrations seen at large CO2(g) fugacities in

Figure 1.

Gas Phase Fugacity Model

The composition of the gas phase that may occur in the WIPP waste room

environment after decommissioning is unknown. However, it may be possible to

establish approximate limits on CO2(g) fugacity in these mixtures by assuming a

pure CO2(g) phase. As given in Equation 2, the CO2(g) fugacity is a product of the

CO2(g) mole fraction, the fugacity coefficient of CO2(g), and the system pressure.

The effect of mole fraction on fugacity is maximized by considering a pure CO2(g)

phase, i.e., Yco2(g)=l. The fugacity coefficient for a gas can be considered as a
measure of "escaping tendency;" a larger gas phase fugacity indicates more of a

propensity to dissolve, or to escape from the gas phase. The presence of gases that

chemically repel CO2(g) would tend to increase the fugacity coefficient of CO2(g),

and thus increase its solubility. Qualitative arguments regarding the repulsive

behavior of N2(g) , H2S(g) , H2(g) , etc., toward CO2(g) are beyond the scope of this

memorandum and should be evaluated. However, if it can be shown that the

presence of these gases does not increase the product _)CO2(g)×Yco2(g) above that
for a pure carbon dioxide phase, the fugacity of pure CO2(g) can serve as a useful

upper bound on the CO2(g) fugacity in the post-closure waste room environment.

Fugacity Model Results; Calgulated CO2(g) Fuga¢ity versus Pressure

Duan et al. (1992) present a model for the fugacity of pure CO2(g) valid for 0°

to 1000°C and 0 to 8000 bars (0 to 7895 atm) pressure. The equation of state has 15

parameters to cover this temperature and pressure range; details can be found in

the referenced article. The model of Duan et al. (1992) was implemented in a

FORTRAN computer program for the calculations in this memorandum. The

calculated fugacity coefficients for CO2(g) for 0°C and 100°C from 1 to 1000 bars

varied by less than 0.1% from those presented in Table 5 of Duan et al. (1992).

Thus, the FORTRAN implementation of this CO2(g) fugacity model was

considered to be verified for conditions bracketing those examined in this

memorandum.
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The fugacity of CO2(g) as a function of temperature for 20", 30", and 40"C,

and for pressures from 1 to 200 atm was calculated and plotted in Figure 4. These

temperatures were chosen because the repository horizon is approximately 28"C

(section 1.10.1, Brush, 1990). This pressure range was chosen because lithostatic

pressure, the existing confining pressure at the repository horizon, is

approximately 150 atm (Figure 2.2.6, p. 2-10, WIPP Performance Assessment

Division, 1991).

The low pressure limit of f_P holds for P<10 atm, as expected.

Temperature has little effect below ~50 atm, above which the model predicts that

the 20"C spread in temperature between 20°C and 40"C may be important.

Implications for Design of High Pressure Tests with CO2(g)

Several liter-scale tests with high CO2(g) pressures are planned to

investigate the effects of dissolved carbon dioxide on actinide solubilities; high

CO2(g) fugacities will emphasize these effects. The T=30"C curve in Figure 4

suggests that below -65 atm, the linear relationship fcO2(g)=0.69P holds, while

above -65 atm, the linear relationship fcO2(g)---0.12P holds. Thus, above 65 atm,
the increase in CO2(g) fugacity with pressure is predicted to be much less than for

pressures below 65 atm.

As discussed earlier, the SPC Brine composition is unaffected, other than

pH and TIC, for fcO2(g ) less than about 300 atm. The fugacity calculations in

Figure 4 suggest that fcO2(g ) will remain well below 100 atm for pressures
expected under post-closure conditions. Therefore, it is reasonable to expect that

the presence of CO2(g) under high pressures in contact with SPC Brine will affect

only the pH and the dissolved CO2(g) content. High CO2(g) fugacities are thus

expected to have a large impact on actinide solubilities by affecting pH and

dissolved CO 2 content, but not through modification of the gross brine

composition.

The critical point of pure CO2(g) is Tc=31.05"C and Pc=73.825 bar (72.860

atm) (Duan et al., 1992). If operation at conditions near or above the critical point

is expected to cause experimental difficulties, it would not be unreasonable to

lower the pressures to move the system away from the critical point, for example,
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from 80 bar to 50 bar. Such a decrease in operating pressure would move the

system well away from the critical point, yet the 30 atm decrease in total pressure

would decrease the CO2(g) fugacity only about 11 atm. As can be seen from

Figures 1 through 3, the brine model predicts that this would cause little change

in the brine composition, and only small changes in the pH and total dissolved

CO2(g). Thus, such a decrease in total pressure may simplify experimental

protocol with little affect on the brine composition.

Conclusions

Brine and gas phase modeling suggest that gaseous carbon dioxide will

have little influence on concentrations of major brine constituents when the

CO2(g) partial pressure is within current estimates for the WIPP disposal room

environment. The only conditions predicted to be affected are the pH and the total !

dissolved carbon dioxide concentration. This work also suggests that

experimental studies up to about 2 molal TIC may be sufficient to parameterize

models for actinide solubilities as functions of dissolved carbon dioxide.
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Figure 1. Calculated total element concentrations in SPC Brine as a function of

CO2(g) fugacity in equilibrium with the brine.
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Appendix C: Procedure for Preparing Inoculated Brine

Section 2.4.1 indicates the need for diluting brine obtained from the WIPP underground
(e.g., from G-seep) with synthetic brine, as there will otherwise be insufficient brine for
conducting the source-termtests. However, synthetic brine does not contain microbes native
to the WIPP underground.A procedure has been developedby A. J. Francis et al. (Brookhaven
National Laboratory) and M. A. Molecke (SNL) to produce a brine from natural and artificial
sources that contains microbial populations thatresemble those found in theWIPP underground
and at the surface in the vicinity of the WIPP site.

The inoculated brine is preparedby adding5 parts by volume of thebrine inoculant mix
described in the following memorandumand 2.5 parts by volume of brine collected from G-seep
in the WIPP underground with 92.5 parts by volume of synthetic Brine A. The following
reagents yield 200 L Brine A when mixed:

58.42 kg MgCI2• 6H20 or 39.73 kg MgCI2• 2H20
20.02 kg NaCI
11.44 kg KCI
1.24 kg Na_SO4
390 g Na_B407• 10H20
332 g CaCI2
192 g NaHCO3
104 g NaBr
25.0 g LiCI
5.45 g RbCI
3.0 g SrCI_• 6H_O
2.6g KI
2.5 g FeCI3• 6H20
0.25 g CsCI
2.5 mL 12 N HCI
H20, deionized, to 200 L

Reagents are added to water in a plastic barrelwhile stirring, using an electric mixer. MgCI2
should be added to the water anddissolved prior to adding the other reagents. After all reagents
are dissolved, water is added to yield a total volume of 200 L. No solids should precipitate
from the mixture. This recipe may be scaled as appropriate.

The complete procedure is described in the following memo.
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: August 16, 1993

TO: Marty Molecke, Sandia National Laboratories

FROM: J.B. Gillow and A.J. Francis

SUejEer : Details of the Preparation of a Mixed Inoculum for the Bin Tests [Revisedl

The following describes the components, preparation, addition, and storage of a mixed inoculum
to be used for large-scale bin tests. A mixed inoculum has been effectively used in laboratory
studies at Brookhaven National Laboratory (BNL) to' (i) examine the activity of specific groups
of microorganisms such as cellulose degraders, denitrifiers and fermenters and (ii) exanaine gas
generation due to biodegradation of cellulose under inundated and humid hypersaline conditions.

The purpose of using a mixed inoculum is to provide diverse groups of microorganisms lor the
test system without specifically pre-enriching for a group of microbes with a limited metabolic
function. The domim_nt groups will be selected by the most abundant substrates in the test
system.

The mixed inoculum used at BNL has essentially been G-Seep brine from the repository
amended with aliquots from various sources: a brine solution prepared by dissolving halite from
the WIPP underground workings in distilled water and brine and sediment slurry from surticial
hypersaline lakes adjacent to the WIPP site. The mixture consisted of 50% G-Seep brine, 30%
(200g/L) muck pile salt, and 20% brine and sediment slurry from 5 surficial lakes. Bacteria have
been detected in brine t'rom the surticial lakes (10 t'-107cells/ml), G-Seep brine (10'- l0 t'cells/ml),
and in the muck pile salt.

lno¢ulum Preparation: The inoculum is composed of: i) G-Seep brine from the WIPP
repository, ii) muck pile salt from the WIPP underground workings, and iii) brine and sediment
slurry from the lakes adjacent to the WIPP site. The G-Seep and muck pile salt can bc stored at
room temperature prior to preparation. The sediment and lake brine should be stored at 4°(7 soon
after collection. Microbial activity in the sediment and lake brine should be minimized as much
as possible prior to preparation of the inoculum in order to prevent the proliferation and
enrichment of specitic microorganisms due to the metabolism of nutrients (if any) ,,resent"in the
samples. This is not a problem with G-Seep as it contains very low levels of dissolved organic
carbon (DOC), and it has been shown to maintain a steady population of 10" viable celis/ml when
stored at room temperature.

MixedInoculumPreparation Page !
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COMPOSITION OF MIXED INOCULUM

SOURCE Volume (ml)
Ill

G-Seep brine from the WIPP underground workings 2500
, , ,,, ,

Muck pile salt from the WIPP underground workings
Dissolve 200 g/L $2180, W30 in distilled water and stir for
2 hours in a sterile glass crlenmeyer flask. 1500

Sediment slurry and brine from the WIPP surficial environment are
mixed together in the above solution.

Sediment slurry_(ml) Brine (ml)

Laguna Quatro 100 100

Laguna Cinco 100 100

Laguna Tres South 100 100

Lindsey Lake 100 100

Suprise Springs _ 100

Total 500 500 1000

TOTAL 5000

Particulates present in the sediment can be removed by passing through sterile cotton.

The above components are combined in a 6.0 L sterile erlenmeyer flask under anoxic conditions
in a N2 atmosphere and stirred. Aliquots of the mixed inoculum are removed and analyzed for:

i) The total number of bacteria by direct microscopic counts using the DAPI
(4',6-diamidino-2-phenylindole dihydrochloride) method, and viable cells by microscopic
examination with a redox indicator 5-cyano-2, 3-ditolyl tetrazolium chloride (CTC).

ii) Inoculum activity by assaying for denitrification (acetylene blockage technique).

iii) Total and dissolved organic carbon.

iv) The distribution of microorganisms (aerobes, anaerobes, denitrifiers, sulfate reducers and
methanogens) by the most probable number (MPN) technique.

v) Chemical characteristics such as pH, organic acids, NH[, NO_, PO4 3", and SO4":.

Information on the characteristics of the inoculum for large-scale tests is essential in order to
establish a baseline fiom which changes in the microbial populations can be monitored by
sampling the brine in the test bins during the course of the experiment. Changes in the mic, obial
community will have a direct impact on the rates and types of gaseous and liquid metabolitic
products generated.

Mixed lnoculum Preparation Page 2
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Addition of Inoculum Mixture to a Test-Bin: The mixed inoculum can then be added in the

appropriate quantity directly to a 100L test bin to provide approximately a 3-5% v/v inoculum.
The inoculum should be added to a pre-inundated bin in order to disperse the inoculum
throughout the bin. It is adviseable to add the inoculum at the start of the experiment in order to
prevent unnecessary perturbations of the test system later.

Storage of the Inoculum Mixture: The inoculum mixture should be stored at 4°C in order to
prevent the growth of microorganisms in the mixture. Activity may occur if the mixture is
allowed to stay at room temperature for more than 24 hours due to the presence of DOC in the
inoculum.

Mixed lnoculum Preparation Page 3
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Sandla National Laboratories
i

Albuquerque,NewMexico87185

date: September28, 1993

to: Mark (L. F.) Philips,1846

from:Jon Helton and Jim Garner, 6342

subject"ReleaseverusSolubilityScatterplots

Enclosed are scatterplotsfor release to the Culebra versussolubility for the
radionuclides Am-241, U-234 Th-230, Np-237 and Pu-239 and scenario
S+-(2,0,0,0,0) generated with results from the 1991 WIPP PA calculated with the
assumption of no gas generation in the repository. The plots for Pu-239, U-234
and Am-241 used the same model predictions used in the generation of Figures
5.1-5 (lower right), 5.1-6 (lower right) and 5.1-7 (lower right) of SAND91-0893/4.
Although obtained in the same calculations as the results for Pu-239, U-234 and
Am-241, the scatterplots for Np-237 and Th-230 have not been previously
published.

Distribution:
6345 Richard C. Lincoln
6345 E. James Nowak
6345 Chris C. Crafts
SWCF AST/STTP

ExceptionalService in the NationalInterest
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Appendix E: Cement Leaching
i

In order to determine the sieve size cemented wastes should be ground to pass prior to

their use in the source-term tests, we must first learn how rapidly the potentially soluble solids

(e.g., actinides) in the cement can be leached into solution. This can be done by mixing up

Portland cement and Envirostone with water containing dissolved cesium ion, allowing the

cement to set, placing pieces of the cement in Brine A, and agitating. Cesium is used because

its leach rate will be unaffected by its solubility in brine (since it is very highly soluble), and it

is easily detected in the presence of other alkali ions by flame atomic emission spectroscopy

(AES). Using radioactive Cs would permit quantification by liquid scintillation.

Assuming the brine volumes and concentrationsof Cs within the cement blocks are

known, the fraction of Cs leached out of the block can be followed with time. Although

estimates of the time required to completely leach pieces of any size can be made by using

blocks of a single size, leaching pieces of different size (e.g., 1, 2, 5, 10, and 20 cm 3 spheres

or cubes) will yield more reliable results. These experiments will be used to predict the

maximum size of cemented waste that will be brought to equilibrium with the brine within the

test period, and ideally within six months.

E-3







Appendix F: Brine-Backfill Ratio

Though it is possible to predict the ratio of brine to backfill material in fully inundated

disposal rooms (within a fairly wide range of uncertainty), this may not be the appropriate ratio

to use in the test containers. Enough free liquid must be present to allow sampling of leachate

from the containers; this will not occur if all of the brine is soaked into the backfill material.

To determine the proper ratio, mixtures of brine with bentonite in varying proportions will be

shaken for a period of two weeks, then allowed to settle for one day. The percentage of free

liquid volume in the sample will be estimated. A portion of the free liquid will then be filtered

through a 1 _m filter, and filtration velocity (mL/min) will be measured. This will determine

whether such a sample, if drawn as leachate, would clog the pre-filter used to prepare leachate

samples for subsequent workup. The results from this simple experiment will be used to

calculate the ratio of brine to backfill appropriate for the source-term tests, and thus the amount

of bentonite to be added to the test containers requiring backfill (Appendix A).

The quantity of brine required in the liter scale experiments containing sludges will be

determined through a similar experiment in which brine is mixed with a synthetic inorganic

sludge. This material will be prepared by precipitating ferric hydroxide from aqueous solution

and filtering the suspension through diatomaceous silica.
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Appendix G: Steel Additive

The STI'P requires that most test vessels (drum and liter-scale) contain iron or mild steel

in order to simulate the effects of container corrosion in the post-closure WIPP disposal rooms.

As was specified in Section 3.3, the surface area of the steel added to the drum-scale tests must

be equivalent to that of a standard 55 gal. waste drum, which is approximately 4 m2 (considering

both internal and external surface). The liter scale tests require corrodant with area equal to (4

m2)(waste volume/210 L).

The steel is expected to corrode at an average rate of 0.21 mol/m 2 under anoxic

conditions in WlPP brine (Telander and Westerman, 1993)." Over three years of test operation,

the drum scale tests thus require (4 m2)(0.21 mol/m2-yr)(3 yr) = 25 moles of iron per drum.

This iron occupies a volume of (25 mol)(56 g/tool)/(7.8 g/cm 3) = 180 cm 3. The iron source

added to the drum-scale tests must therefore have a surface area of approximately 4m2, and a

volume of not less than 180 cm3. These requirements can be met efficiently by using steel mesh

as the iron source. If this mesh is composed of wire of length l and diameter d, then the area

A of this wire (ignoring the ends) equals _rdl. The volume of this wire V equals 7rd21/4.For a

three-year test, V must equal or exceed 180 cm3, and multiplying out the constants yields d2l =

230 cm 3. Similarly, A = 4x104 cm2, so dl = 1.3x104. Setting I = (1.3xl&)/d and substituting

into ,he volume equation, we get (d2)(1.3x104/d) = 230, or d = 0.018 cm. Solving for I yields

l = 7.2 x 105cm2, or 7.2 kin. This wire diameter (approximately 0.2 mm) is very fine, but this

is of course a minimum specification. A larger wire diameter provides a safety factor, which

is desirable because oxic corrosion may also take place in environments where brine radiolysis

is significant.

*This corrosion rate value is an average of the 3, 6, 12, and 24-month corrosion rates. The
average rate is meaningful only during this period, since corrosion rates decreased steadily with
time. For a three year test, the value of 0.21 mol/m 2is likely to be conservative, assuming that
oxic corrosion is not significant.
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Despite the formidable-sounding value of 1, the area of screen needed to meet the area

and volume requirements for the drum-scale tests is actually quite manageable. If we assume

a mesh with a wire diameter of 0.1 cm and a pitch of 5 wires/cm, a meter-square of this screen

will contain 1000 wires of 1 m length each, or 1 km of total wire length. From the equation

A = _rdl, the length of 0.1 cm wire that will provide a surface area of 4 ms is

(4xl& cm2)/(0.1 cm)(3.14) = 1.3xl05 cm, or 1.3 km. Each drum-scale test would thus require

1.3 m2 of this mesh. This would contain _rd21/4 = 1.0xllY cm3 of steel, or (1.0xl03 cm3)(7.8

g/cm3)/(56 g/tool) = 140 mol of iron, or over 5 times that required for a three year test,

assuming that only anoxic corrosion takes place.
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