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1.0 ABSTRACT

The formula for saltstone includes ~25 wt% slag to create a reducing environment for
mitigating the subsurface transport of several radionuclides, including technetium-99. Based
on laboratory measurements and two-dimensional reactive transport calculations, it was
estimated that the Z-Area saltstone waste form will maintain a reducing environment, and
therefore its ability to sequester technetium-99, for well over 10,000 years. For example, it
was calculated that ~16% of the saltstone reduction capacity would be consumed after
213,000 years. For purposes of comparison, two additional calculations, based on entirely
different assumptions, were discussed. The first calculation conducted by Lukens et al.
(2004), based on spectroscopy considerations (sans diffusion or aqueous transport
considerations), yielded near identical results as above. The second calculation conducted as
a first approximation and using unrealistically high groundwater flow rates (discussed in
Versions 0 and 1 of this document), concluded that the Z-Area saltstone waste form will
maintain a reducing environment likely for more than 10,000 years. Obtaining similar
conclusions by three extremely different types of calculations and sets of assumptions
provides additional credence to the conclusion that the Z-Area saltstone will likely maintain a
reducing environment in excess of 10,000 years.

This version differs from version 1 (WSRC-RP-2003-00362, Ver. 1) in that it includes a
more rigorous treatment of the movement of oxygenated groundwater into the simulated
reducing saltstone. The calculations in version 1, which are included in Appendix A, were
designed to provide a first approximation and early guidance, until the more detailed
calculations included in this report were available.
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2.0 INTRODUCTION

The nominal blend composition of saltstone is 3 wt% lime source, 25 wt% fly ash, 25
wt% slag, and 47 wt% salt solution (Heckrotte 1988). The addition of slag to the saltstone
formulation provides a chemical reductant [iron(IT)] and a precipitating agent [sulfide] that
chemically binds several contaminants as insoluble species, thus reducing the tendency of
these contaminants to leach from the solid waste form. Experimentation has shown that
leaching of chromium and technetium was effectively reduced to a level that enabled all
projected salt solution compositions to be processed into a non-hazardous solid waste
(MMES 1992). Long-term lysimeter studies have shown that the addition of slag into the
saltstone formulation essentially stopped technetium-99 leaching, but did not reduce nitrate
leaching (MMES 1992).

2.1 OBJECTIVES

The objective of this study was to estimate how long reducing conditions would exist
in the saltstone subsurface environment. Ambient conditions in the Z-Area subsurface are
oxidizing, due to the omnipresence of oxygen in air. It is expected that eventually, the
reducing capacity of the slag will be exhausted by a number of naturally occurring processes,
the most important being the oxidation of the slag’s reduction capacity by dissolved oxygen
(O,) by infiltrating rainwater.

3.0 MODELING

3.1 CHEMICAL CONCEPTUAL MODEL

Electron equivalents are the units used to describe the concentration (more precisely,
the activity) of free electrons that can participate in an oxidation-reduction, or redox,
reaction. The generalized redox equation is presented in Eq. (1),

O+e=R (1)
where:

(0] oxidizing agent, meq e L',
R reducing agent, meq € L', and
e electron.

The greatest concentration of reductant will exist in the disposal facility when it is
initially placed in the ground and then over time, the concentration of reductant will slowly
decrease as more dissolved oxygen in groundwater, O»(aq), consumes the saltstone reductant
(discussed in more detail below in reference to Eq. (3). Once the reduction capacity is
exhausted, the saltstone will no longer be able to bind the targeted radionuclides, such as PTc
(through the reductive precipitation of Tc(VII) to the sparingly soluble Tc(IV) solid). Itis
important to note, that the theoretical redox potential, i.e., the intensity term to describe the
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redox status in a system, will remain at a low fixed value until the last mole of reductant in
the slag is consumed, at which point the redox potential will make a step-wise increase to a
value controlled by the next dominant redox couple, which is likely iron(II/III). Once all the
iron(II) has been oxidized to iron (III) then manganese(IV/II) will likely control the redox
status in the system. This step-wise increase in redox potential will continue until the system
is in equilibrium with the surrounding soil/water/air system.

The amount of reductant in the saltstone was calculated by subtracting the amount of
oxidant in the salt solution from the amount of reductant in the slag:

Rslag - Ogait solution = Rasaltstones (2)
where:

Osanrsomtion  €lectron equivalents of oxidizing agent from salt solution, meq e’ cm”,

‘ . . - -3
Risoitsicia electron equivalents of reducing agent in the saltstone, meq ¢ cm ™,
Riag electron equivalents of reducing agent from slag, meq ¢ cm™.

The total oxidizing capacity was set equal to the amount of dissolved oxygen introduced into
the system by infiltrating rainwater and the salt solution used to create the saltstone.

The concentration of reductant present in the slag decreases over time as more
dissolved oxygen in groundwater consumes the saltstone reductant. Based on Eq. (1), the
consumption of the reduction capacity is presented in the following reaction.

02 (aq) o+ R{saltstonc] — ROZ(sallstunc) (3)
where:
O2aq) 0, dissolved in water (meq ¢/cm’ of the fluid),
R saltstone) reduction capacity of the saltstone(meq e/gram of solid), and

RO (satstone) oxygenated saltstone (meq e’/gram of solid; shown in
traditional stoichiometric chemistry as a product of the two
reactants, rather than as an oxidized species).

The expression used to calculate the rate of oxidation (Ro; (meq e':’cml)f yr) for the
above reaction (Eq. (1)) is:

Ro=k-Coz - Cr (4)

where k is the oxidation rate coefficient in units of 1/(yr-meq e/em’ ), Coa is the concentration
of Oyaq) and Cg is the concentration of reductant in the saltstone.

Previous data (Lukens et al. 2004) indicates that oxidation of slag is a fast reaction.
Hence, a simplified one-dimensional (vertical direction) saltstone model was initially
established to assess the value of & to be used to represent a fast reaction. These tests
estimated the time required to consume all the saltstone reductant by setting the advection
rate very high (40 cm/yr) to expedite calculations, and the oxidation rate coefficient, k, was
varied. Importantly, only advection was considered, no diffusion. Table 1 shows that by
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varying k values between 1E+03 to 1E+27 1/(yrmeq ¢’/cm’), that the time required for
complete consumption of the slag reduction capacity remained fairly constant, ~400 years.

Table 1. Effect of the Oxidation Rate Coefficient, k, on the Consumption of Slag Reduction

Capacity
k Time for Complete Consumption
(1/yr *(meq e/cm’)) (yr)
1E+01 > 1000
1E+02 610
1E+03 380
1E+04 350
1E+05 380
1E+06 386
1E+07 400
1E+08 410
1E+10 421
1E+12 430
1E+15 440
1E+20 460
1E+25 465
1E+26 460
1E+27 386

The oxidation rate coefficient of 1 E+06 was selected in the PORFLOW™
simulations to support the assumption that oxygen is instantaneously consumed to oxidize
slag (i.e., very fast reaction) before being carried downstream to the next node. Importantly,
1E+06 cm’/(yr'meq €") is a more conservative selection than larger values.

3.2 PHYSICAL AND HYDROLOGICAL CONCEPTUAL MODEL

Figure 1 illustrates the physical and hydrological conceptual model. Half of the
saltstone block was modeled because a crack was assumed to exist in the block at time zero,
creating two equally sized blocks. The crack was assumed to be consistent with past
performance assessment calculations and it offered another means to provide greater
conservatism by permitting greater surface area for oxygen diffusion. Therefore, the
horizontal direction in Figure 1 represented the distance from the crack (on the left) to the
vault concrete side. Diffusion of infiltrating, fully oxygenated water, occurred at all sides.
Advection however took place only in the vertical direction from the top side to the bottom
side. The average velocity value of 2.5E-3 cm/yr was obtained from the Saltstone
performance assessment revision.
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Figure 1. Conceptual Model (Vault is assumed to be cracked in half, i.e., the vault is twice
the x-axis. Diagram represents one of the two equally sized vault fragments. Crack is

located on the left edge above.)

3.3 ASSUMPTIONS

In addition to the assumptions listed in Appendix A, the following major assumptions

were made in the PORFLOW™ gimulations:

Rev. 2

Since the final Saltstone design has not been finalized, the problem is currently
assumed to be adequately represented in a two-dimensional model.

Oxidation of the slag by oxygen in infiltrating water is a very fast reaction.

The advection is primarily in the vertical direction. Hence, negligible velocity
component in the horizontal direction is assumed.

Simulations start at the time when cracks are formed in the saltstone. Consumption
of the slag reducing capacity by oxygen prior to this time is assumed to be negligibly
small.

Except for one crack down the center of the saltstone monolith, which exists as an
initial boundary condition (i.e., exists at time zero), the structure of saltstone is intact
during the course of simulations.

The saltstone is saturated with water.

The water in the sediment in contact with the saltstone is saturated with Oy(g), ~8
mg/L. This is an important conservative assumption. Our laboratory has measured
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Os(ag) SRS groundwater concentration that are appreciably lower, barely detectable
in subsurface groundwater.

e The saltstone waste is buried in an unsaturated sediment that has an endless supply of
O,(g) to diffuse into the groundwater.

3.4 NUMERICAL MODEL, BENCH MARKING TESTS, AND INPUT VALUES

The PC-based PORFLOW™ Version 4.0 (dated 14 September 2000) was used in
these simulations. PORFLOW™ is developed and marketed by Analytic & Computational
Research, Inc. to solve problems involving transient and steady-state fluid flow, heat and
mass transport in multi-phase, variably saturated, porous or fractured media with dynamic
phase change. The porous/fractured media may be anisotropic and heterogeneous, arbitrary
sources (injection or pumping wells) may be present and, chemical reactions or radioaclive
decay may take place. PORFLOW™ has been widely used at the SRS and in the DOE
complex to address major issues related to the groundwater and nuclear waste management.

The governing mass transport equation of species & in the fluid phase is given by

aC, aC
—(,;)" (D ek

o T ox, o, T ©)

Cy Concentration of species k

Vi Fluid velocity in the i direction

D;  Effective diffusion coefficient for the species
Ry Reaction rate of species k

i Direction index

The governing mass transport equation of species & in the solid phase is similar to that
in the fluid phase except that the convective term is zero and the accumulation term pertains
only to the solid phase. (Please note that the symbol £, identifies a different parameter than
the symbol k, the oxidation rate coefficient described in Eq. (4). This equation is written as:

= +R 6
o  ox, ”a EAR ©

Csxy  Concentration of species £ in the solid phase
D; Effective diffusion coefficient for the species
Rsy  Reaction rate of solid species &

Figure 2 displays the modeling grid used for PORFLOW™ simulations. The grids
are X- and Y-coordinates of the nodes. To provide numerical stability, the meshes have a
gradual transition from wider grids to narrower grids near the boundaries and where there are
changes in malterial properties.

Input values used in the PORFLOW™ simulations are listed in Table 2 and Table 3.
These values are consistent with those used in the PA revision.
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Figure 2. Modeling Grid

PORFLOW™ is capable of modeling chemical reactions. These capabilities were
tested by benchmarking the PORFLOW™ results against those obtained from Aspen Custom
Modeler™ (ACM), a software package for chemical process modeling provided by Aspen
Technology, Inc. The benchmark testing shows excellent agreement between the
PORFLOW™ and ACM results. The testing of PORFLOW™ is described in detail in
Appendix B. The material properties used in the PORFLOW™ simulations are summarized
in Table 2.

Table 2. Model Input Values for Materials

Vault Concrete Grout/Saltstone
Dry Density (g/cm’) 2.65 3.148
Porosity 0.18 0.46
Diffusion Coefficient (cm”/yr) 0.315 0.158
Reduction Capacity (mcq € /gsolia) * 9.25E-3 9.25E-03

* Reduction capacity in concrete and grout/saltstone is based on slag coansmg 25 wt-% of
the nominal blend: slag has a reduction capacity of 37 meq ¢ - [kg slag] .
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4.0 LABORATORY MEASUREMENTS OF REDUCTION POTENTIAL

The objective of the laboratory work was to measure the reduction capacity of the

slag used to make saltstone and of a sediment collected from the Barnwell/McBean
formation, the geological formation where the Z-Area Saltstone Disposal Facility is located.
The reduction capacity of the sediment was not used in these calculations, but was used in
the preliminary advection calculations presented in Appendix A. Following is a detailed
description of the procedure adapted from Lee and Batchelor (2003).

4.1 MATERIALS

2
3%

e

Z-100 Slag: Provided by Chris Langton, who in turn got it directly from the Saltstone
Silos.

. Glovebag

1000-mL 10 mM NaHCO;: Add 0.84 g NaHCO; (F.W. = 84) to a 1-L volumetric
flask and then bring it up to volume with water.

100-mL 51.5 mM Cr(VI) in 10 mM NaHCOj: Place 1.000 g of K,CrO4 (F.W. =
194.2) in a 100-mL volumetric flask and then bring up to volume with 10 mM
NaHCO;.

100-mL 1 M H,SO4: Add 50-mL water to 100-mL volumetric flask. Then add 5.58
mL of concentrated H,SO, to water. Bring to volume with water.

100-mL 1 M NaOH: Add 4-g NaOH (FW = 40) to a 100-mL volumetric flask and
bring up to volume with water.

Na,SO4: Pre-weigh 6 aliquots into weighing boats containing 0.142 g of Na;SOq4
9 50-mL centrifuge tubes

Minilysimeter sediment, a sandy loam soil described in Hawkins (1982).

4.2 METHOD

—
.

MOIORUSY O . S8

10.
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Label 9 tared 50-mL centrifuge tubes as described in Table 5.

Add 1.00 g slag to Tubes #21, #22, and #23. Add 1.00 g Minilysimeter sediment to
Tubes #27, #28, and #29. Only liquid will go into the 3 controls, Tubes #24, #25, and
#26. Record weight to Table 5.

Place tubes, solutions #3, #4, #5, and #6, six 0.142-g Na,SO; aliquots, and litmus
paper into glovebag for 2 days before proceeding to next step. After one day in the
glovebag stir things up to help O, gas diffuse out of solids and liquids.

Add 10 mL of the 51.5-mM Cr(VI) in 10-mM NaHCO; solution to each tube.
Adjust the pH of each tube to 7 + 1 by adding NaOH or H,SO..

Shake by hand every ~3 hours for | day.

Add 0.142-g Na,SOy aliquots to each tube.

Shake and leave in bag for >0.5 days.

Pull tubes out of glovebag, record weight of “tube + solid + liquid” on Table 5,
centrifuge, and pass through a 0.45-um filter.

Send to ADS for Cr analysis by ICP-ES.
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Table 5. Sample Descriptions and Weights Used to Measure Reduction Capacity (Example
Data Table)

ID | Description Tube Tare Tube + Tube + solid +
Wt (g) Solid wt (g) liquid (g)

21 | Slag, Rep. 1

22 | Slag, Rep. 2

23 | Slag, Rep. 3

24 | Control (just liquid), Rep. 1
25 | Control (just liquid), Rep. 2
26 | Control (just liquid), Rep. 3
27 | Sediment, Rep. |

28 Sediment, Rep. 2

29 Sediment, Rep. 3

5.0 RESULTS

5.1 LABORATORY MEASUREMENTS

Laboratory measurements of the reducing capacity of an SRS sediment and slag are
presented in Figure 3. These values indicate that the slag has a very high reducing capacity.
Furthermore, it shows that SRS sediments also have a measurable reducing capacity. This
reducing capacity is likely the result of naturally occurring iron(II) phases in the sediment.
By way of comparison, Lee and Batchelor (2003) reported that a Texas loam and pyrite (FeS)
had a reducing capacity of 6.1 and 32 meq kg, respectively. These values are certainly
consistent with the values reported in Figure 3.

Also shown in Figure 3 are the reduction potential (Eh) values of 1:1 solid:water
suspensions. Reduction potential is an intensity term, i.e., it does not express the total
concentration of reducing agents in a system, instead it provides an estimate of the
concentration of reducing agents in solution in equilibrium with a solid. Alternatively, and
less accurately, it can be thought of as a measurement of the free electron activity, as defined
in Eq. (1). The soil and slag had reduction potentials of 196 + 3 and -247 + 1 mV,
respectively. Reducing systems have lower, more negative, reduction potentials. By way of
comparison, Kaplan et al. (2002) reported that metallic iron (Fe") had a reduction capacity of
-173 £ 6 mV. This value is consistent with the slag reduction potential value reported in
Figure 3.
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Figure 3.. Reduction Potential and Reduction Capacity of an SRS Subsurface Sediment and
the Slag Used to Make Saltstone

Rev. 2 11



WSRC-RP-2003-00362

5.2 MODELING

PORFLOW™ simulations were carried out at varying times ranging from 1000 years
to 250,000 years. The simulation result at 250,000 years is shown in Figure 4 in which
saltstone concentration in (meq €)/gq1iq 18 contour-plotted over the Saltstone geometry. The
slag concentration level ranging from 0 to 9.25E-3 meq e/gia is colored accordingly.

The consumption of saltstone reduction potential by oxygen in infiltrating water over
time is displayed in Figure 5. These data were determined by using the two dimensional
PORFLOW ™ calculations and the modeling grid presented in Figure 1. Once the final
configuration of the saltstone facility has been completed, the values presented in Figure 1
will have to be modified to represent the third dimension. It is expected that these
corrections will result in only slight changes in Figure 5.

900

Slag
0.00925
0.00822222
0.00719444
0.00616667
0.00513889
0.00411111
0.00308333
0.00205556
0.00102778
0

Vertical Distance, cm

0 600 800 1000 1200 1400 1600

Horizontal Distance, cm
Figure 4. Simulation Result at 250,000 Years (Units in meq € /gsjiq).- Red Indicates no

Oxidation of Saltstone Occurred and Blue Indicates that Full Oxidation of the Saltstone
Occurred.
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20

18 ® PORFLOW Simulations
O Lukens et al., 2004 .
16 - B

14

12 A

10 A

Slag Reduction Potential Consumed (%)

oY ORGP

0 50000 100000 150000 200000 250000 300000

Time (years)
Figure 5. Consumption of Slag Reduction Potential by Oxygen in Infiltrating Water

In Figure 6, the penetration depth is plotted vs. time for all sides. These data can be
used to adjust the data in Figure 5 to be consistent with the final dimensions of the saltstone
facility. The penetration depth is defined as the distance in the saltstone where oxidation
occurred, i.e., the reduction capacity was <9.25E-3 meq €/gqig. The penetration depth at the
midpoint of the side is presented in Figure 6. The data are not smooth due to the very slow
nature of the modeled process and the long time required for changes to move from one node
to the next. At the expense of appreciably longer simulation times, data smoothness could be
improved by rerunning the simulations using a finer mesh size. Also, Figure 6 clearly shows
that the left and right sides exhibit different penetration depth. On the left side (cracks),
oxygen diffuses directly through grout. On the right side, oxygen diffuses through the vault
concrete side first before reaching grout. Concrete and grout have different transport
properties as shown in Table 2, hence, resulting in different diffusion pattern.
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Figure 6. Penetration Depth

6.0 DISCUSSION

There have been two other recent calculations of the longevity of the reducing conditions
of the SRS Saltstone waste form. The first was described in the first version of this
document and is included in Appendix A. It provided a first approximation of the longevity
of the saltstone’s reducing conditions until the more rigorous and less conservative diffusion
calculations presented in this report could be conducted. Two important assumptions in this
calculation were that 1) the waste form crumbled at time zero into infinitely small particles
that all the reductant was immediately available for oxidation, and 2) that advection, and not
diffusion, controlled the movement of dissolved oxygen to the waste form. In this
exceedingly conservative calculation, the reduction capacity of the saltstone was not
consumed for several thousand years (assuming reasonable unsaturated groundwater flow
rates).

In the second calculation, Lukens et al. (2004) estimated based on a combination of
spectroscopic and diffusional considerations (specifically, the spectroscopic method used to
calculate X-ray self-absorption developed by Troger et al., 1992 and the empirical diffusion
model developed by Smith and Walton, 1993). In their study, the top of the cuvette was left
exposed to air and the Tc oxidation state was measured as a function of time from a 5- to 10-
mL cuvette containing simulated SRS reducing saltstone. They observed that Tc(IV)
eventually was converted to Te(VII). Their conclusion was that ~4% of the reduction
capacity of the saltstone would be consumed in 213,000 years. This value is shown in Figure
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5 and represents the amount of reductant consumed through one-dimensional
considerations/measurements. To adjust this value to be compatible to our two-dimensional
(four side diffusion) calculations, we multiplied this percentage by four (an approximation),
yielding 16% of the total saltstone reduction capacity would be consumed in 213,000 years.
This value is surprisingly similar to our value of 15.8%.

In summary, obtaining similar conclusions by three extremely different types of
calculations and sets of assumptions provides additional credence to the conclusion that the
Z-Area saltstone will likely maintain a reducing environment in excess of 10,000 years.
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9.0 APPENDIX A: CALCULATIONS PRESENTED IN VERSION 1 OF
THIS DOCUMENT (WSRC-RP-2003-00362, VER. 1):
PRELIMINARY ADVECTION MODEL
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9.1 APPROACH: PRELIMINARY ADVECTION MODELING

An equivalent mass balance was conducted to calculate the duration that the Z-Area
Saltstone Disposal Facility would remain reduced (Figure 7). Electron equivalents are the
units used to describe the concentration (more precisely, the activity) of free electrons that
can participate in an oxidiation-reduction, or redox, reaction. The generalized redox equation
is presented in Eq A1-1.

O+e=R (Al-1)
where:
= oxidizing agent, meqe L,

0
R = reducing agent, meq e L', and
e electron.

The greatest concentration of reductant will exist in the disposal facility when it is
initially placed in the ground and then over time, the concentration of reductant will slowly
decrease as more dissolved oxygen in groundwater consumes the saltstone reductant. Once
the reduction capacity is exhausted, the saltstone will no longer be able to bind the targeted
radionuclides, such as technetium-99, in the less mobile reduced form. It is important to note,
that theoretically the redox potential, i.e., the intensity term to describe the redox status in a
system, will remain at a low fixed value until the last mole of reductant in the slag is
consumed, at which point the redox potential will make a step-wise increase to a value
controlled by the next dominant redox couple, which is likely iron(II/IIT). Once all the
iron(II) has been oxidized to iron (I1I) then manganese(IV/II) will likely control the redox
status in the system. This step-wise increase in redox potential will continue until the system
is in equilibrium with the surrounding soil/water/air system.

For these calculations, it was assumed that the reducing capacity of the saltstone
equaled that provided by the slag and the overlying geological material in the moisture
barrier. The oxidizing capacity was set equal to the amount of dissolved oxygen introduced
into the system by infiltrating rainwater and the salt solution used to create the saltstone.
Once the cumulative amount of oxidizing agent equaled the reducing capacity of the slag and
overlying moisture barrier, the capacity of the saltstone to chemically (as opposed to
physically) immobilize reducible radionuclides was assumed to be exhausted. The mass
balance equation describing these reactions is presented in equation A1-2.

Or’nﬁlrraﬁng groundwaler + Osm'f solution = Rsoh’ 4 Rs!ag (Al ‘2)

where:

Oinfiltrating grounawater = €lectron equivalents of oxidizing agent from infiltrating
groundwater, meq ¢ m™,

Osaltsotution = electron equivalents of oxidizing agent from salt
solution, meq ¢ m?,
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Rsoit = electron equivalents of reducing agent from soil, meq e’
m-,

R,ggg = electron equivalents of reducing agent from slag, meq e’

m,

The important assumption made for these calculations are presented in Table 6.

Table 6. Important Assumptions for the Preliminary Advection Model

I

The system is well mixed, such that all saltstone reductants at 100% efficiency are
available for oxidation by infiltrating water. 100% efficiency of oxygen reducing the
slag will not happen; some of the oxygen will not react or will be channeled past
reducing areas, thereby leaving some Tc in the reduced form. This is perhaps the most
conservative assumption; however, it is necessary because there is no data quantifying
the efficiency of this reaction.

Formulation of saltstone and especially the concentration of slag remains the same for
all saltstone waste forms.

No formation of hardened coatings on saltstone to impede oxidation of slag by
oxygenated infiltrating water. These will form, thus this is a conservative assumption.

Reduction capacity of native soil equals that of moisture barrier. Since the design of
the barrier has not been finalized, it is not clear whether this assumption is
conservative. As the moisture barrier ages, its reduction capacity will approach that of
the native soil. The 2:1 clays commonly used in geosynthetic clay liners will likely
have higher reduction capacities than SRS soils.

Chromium(VI/III) redox couple used in the reduction capacity measurement is similar
to that of groundwater oxygen(0/-1I). Chromium standard reduction potential is more
negative, hence the measurement underestimates the reduction capacity of the saltstone
and native soil, with respect to oxygen. Again, this assumption is conservative because
if an oxygen(0/11) probe molecule had been used in the measurement, the reducing
capacity of the slag and native soil would have been higher, thereby increasing the
estimated longevity of the reducing grout.

As a first approximation, important transport processes know to exist in saltstone, such
as diffusion, advection and dispersion, were not included in these calculations. Instead
the system was conceptualized as a large batch reactor in which oxygenated water was
incrementally added. This is likely a conservative assumption, however, a more
accurate prediction of the phenomena could be obtained through the inclusion of water
and O, transport processes along with the chemical reactions used in these calculations.
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The electron equivalents of oxidizing agent from infiltrating rainwater was assumed
to be equal to that provided by dissolved oxygen. Dissolved oxygen concentrations were set
equal to 2.65E-4 M, a value calculated using Henry’s Law and one that is quite similar to
those commonly measured in SRS surface sediment porewater (Kaplan and Serkiz 2000).
The amount of oxygenated groundwater that came into contact with the saltstone was
estimated using infiltration rate and porosity (equation A1-3).

oinﬁhmrfng groundwater — Cinfiltrating groundwater X 1000 x Isaltstone X Nsaltstone X 1 (A 1'3)

where

Oirrﬁf.rmrfng groundwater

Cinﬁ!fra:mg groundwater

1000

Isalistone

Nsaltstone
4

= electron equivalents of oxidizing a%enl from
infiltrating groundwater, meq e m™,
oxidant concentration in groundwater, meq e L',
conversion factor, L m™,

= saltstone infiltration rate, m yr" ’

saltstone porosity, m’ m? ,and

= time, yr.

I

The electron equivalents of oxidizing agent in the salt solution were based on the
concentration of constituents that are likely reduced by the slag in the nominal blend of ITP
and ETF feed solutions at 8:1 mixing (Heckrotte 1988). Molybdenum and chromate in the
salt solution were considered reducible. Nitrate and sulfate in the salt solution were not
considered reducible because nitrates have been shown to leach from saltstone lysimeters and
sulfate is not reduced in grout (MMES 1992). There were several trace constituents,
including several radionuclides (e.g., cobalt, iodine, plutonium, and technetium) that were
not included in these calculations because their concentrations are extremely low. Their sum
contribution to the saltstone electron equivalents is <0.001 wt%. The details for calculating
the total concentration of oxidizing agents is presented in Table 4 and the mass balance
equation is presented in equation A1-4,

Osaa'l solution = Csaa'l solution X 1000 x 1/ Psalt solution xfsalf solution X Psaltstone X Dsalrslane (A1'4)

where

Osm'l solution

Csal'f solution

1000
ﬁm‘: solution

Pmlr solution
p:a!‘moﬂe
Dsa!mane

electron equivalents of oxidizing agent from salt solution,

meq e m'z,

oxidizing constituents concentration in salt solution, meq e L™,
conversion factor, L m™,

weight fraction of salt solution in saltstone, kg kg,

density of salt solution, kg m>,

density of saltstone, kg m™, and

= saltstone height, m.

The reduction capacity of the geological materials above the vaults, Ry, was
calculated using Eq. A1-5. R,,; was calculated using a value, Cj,;, measured from a
McBean/Barnwell formation sediment, the same geologic formation as the Z-Area Saltstone
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Disposal Facility. Being a measured value, as oppose to a calculated value, provides added
credibility to it. At this writing, the design for the moisture barrier has not been finalized, but
it will likely contain a number of different layered materials. The use of only the one native
sediment to approximate these various materials provides a reasonable long term average,
and not necessarily a conservative value. More details about this measurement are provided
in the next section, Section Laboratory Measurements of Reduction Potential.

where
R.ro.-‘f
Csoit

Psoil
Dsofn'

Il

Rsaﬂ = CTSGH X Psoil X Dsm’l (Eq A I"S)

reduction capacity of soil, meq e m~.

reduction capacity of soil, meq e kg,
density of soil, kg m™, and
soil height, m.

The value used in these calculations for the reduction capacity of the slag, Ryiag, Was
based on a laboratory measurement (described in more detail in the next section, Section
Section Laboratory Measurements of Reduction Potential.).

where
Rs!ag
Cs.’ag

Psalistone

fs!ag

Dsammne

Rev. 2

Rsi’ag = ("si’ag X Psaltstone xﬁ!ag X Dysattstone (Eq Al-6)

II

reduction capacity of slag, meq ¢ m™.

reduction capacity of slag, meq ¢ kg,

density of saltstone, kg m™,

weight fraction of slag in saltstone, kg kg, and
= saltstone height, m.
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Figure 7. Schematic Representation of the Saltstone System Described by the Preliminary
Advection Model

9.2 RESULTS: PRELIMINARY ADVECTION MODELING

At this writing, the infiltration rates to be used for the various layers at the disposal
site (Figure 7) have not been finalized. So to calculate the reducing lifespan of the saltstone
system, infiltration rate was used as a dependent variable (Figure 8). Figure 8 shows that the
reducing lifespan, if limited by the infiltration rate of the intact saltstone vault (2.54E-07 m
yT'I; Phifer 2003), would be 1.29 billion years. Obviously, this infiltration rate will not last
for such a long duration because the saltstone vaults will have physically degraded. At the
other extreme, the reducing lifespan, if limited by the infiltration rate of intact sediment (0.4
m yr'l; MMES 1992), would be 800 years. This latter scenario is akin to assuming that water
will flow through the moisture barrier and vaults at the same rate as water flows through
native sediment. A more likely and still reasonably conservative estimate is to assume that
the upper geosynthetic clay liner will eventually degrade and then water will flow through
the vault at a rate limited by the lower geosynthetic clay liner, 0.0016 m yr" (Phifer 2003).
At this rate, the reducing lifespan of the vault system would be 180,000 years.

Regardless of the infiltration rate, the reducing capacity of the saltstone will account
for 77% of the total reducing capacity, whereas the overlying moisture barrier (assumed to
have the reducing capacity of native sediment) will account for 14%, and the vault, made
from reducing grout, will account for 9% of the total reducing capacity (Figure 9). Thus,
relatively little reducing capacity is gained by including slag in the vault cement. The data
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presented in Figure 8 assumed that the system contained a reducing grout vault. To assume
that the vault was not made with reducing grout, all the values shown in Figure 8 would be
reduced by 9%. Native sediment offers a relatively large amount of reduction capacity. But it
is important to distinguish between capacity, in units of meq e L and intensity, in units of
mYV. SRS soil has been shown to reduce oxygen (O,; Kaplan and Serkiz 2000) and chromate
(Cr042'; Kaplan and Serkiz 2000), but not pertechnetate (TcOy4; Kaplan 2003) or iodide (I';
Kaplan 2003). So although SRS soils have a measurable reduction capacity, the resulting
reduction potential is not sufficiently low to reduce pertechnetate or iodide. Therefore, it
would be incorrect to assume that the reducing capacity of the soil beneath the vaults would
offer additional protection against pertechnetate or iodide migration.
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Figure 8. Infiltration Rate Versus Years Until System Becomes Oxidized: (A) Identifies the
Infiltration Rates of the Intact Saltstone Vault, Lower Geosynthetic Clay Liner, Upper
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10.0 APPENDIX B: TESTING OF PORFLOW™
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10.1 TESTING OF PORFLOW™

WSRC-RP-2003-00362

PORFLOWT™ provides capabilities to model chemical reactions. These capabilities
were tested by benchmarking the PORFLOW™ results against those obtained from Aspen
Custom Modeler™ (ACM), a software package for chemical process modeling provided by
Aspen Technology, Inc. ACM has been extensively used to model major facilities at the

SRS.

Two test cases relevant to the reactions considered in the current study were set up.
In the first test case, a species A in the liquid phase precipitates to the solid species B. In the
second case, a species A in the liquid phase reacts with a solid species B to form a solid
species C. The two test cases show excellent agreement between the PORFLOW™ and

ACM results.

10.1.1 Test Case 1

Ajiquia — Bsolia

Reaction rate: 0.01 Cyu
Porosity: 0.4

Total volume: 1 cm
Liquid volume: 0.4 cm’
Solid volume: 0.6 cm’
Liquid density: 1.5 g/em’
Solid density: 2.65 g/(:m3
Initial C4: 1.06 molfcm31iqu,-d

3

Time PORFLOW ACM PORFLOW ACM
(hOllI‘S) CA (molfcmﬂmid) CA (molfcm3|iquid) CB (moli‘&gm) Cu (mOUg:.;oud)
0 1.06000000E+00 1.0600000E+00  0.00000000E+00  0.0000000E+00
1 1.04940563E+00 1.0495141E+00 2.66534451E-03  2.6379728E-03
2 1.03897671E+00 1.0390702E+00  5.28919199E-03  5.2653480E-03
3 1.02863923E+00 1.0287288E+00 7.89007512E-03  7.8669729E-03
4 1.01840461E+00 1.0184906E+00 1.04650803E-02  1.0442626E-02
5 1.00827182E+00 1.0083552E+00 1.30144651E-02  1.2992401E-02
6 9.98239845E-01 9.9831744E-01 1.55384843E-02  1.5517625E-02
7 9.88307687E-01 9.8838026E-01 1.80373903E-02 1.8017545E-02
8 9.78474350E-01 9.7854366E-01 2.05114330E-02  2.0492160E-02
9 9.68738852E-01 9.6880619E-01 2.29608599E-02  2.2941839E-02
10 9.59132068E-01 9.5915966E-01 2.53779021E-02  2.5368640E-02
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10.1.2 Test Case 2

Ajiguid + Bsolia = Csotia

Reaction rate: 0.01 C, Cp
Porosity: 0.4

Total volume: 1 cm’

Liquid volume: 0.4 cm’
Solid volume: 0.6 em’
Liquid density: 1.5 g/cm’
Solid density: 2.65 g/cm’
Initial Ca: 1.06 mol/em’jiguia
Initial Cg: 9.25 mol/gslia

WSRC-RP-2003-00362

Time PORFLOW ACM PORFLOW ACM
(hours) Ca (molem’jigia)  Ca (molem’jiguia)  Ci (mol/gsoia) Cg (mol/gsolia)
0 1.06000000E+00 1.06000000E+00 9.25000000E+00  9.25000000E+00
| 9.66052207E-01 9.66507790E-01 9.22636393E+00 9.22647990E+00
2 8.81069383E-01 8.81395690E-01 9.20498501E+00 9.205068 10E+00
3 8.03632649E-01 8.03980640E-01 9.18550446E+00 9.18559260E+00
4 7.33138278E-01 7.33495440E-01 9.16777036E+00 9.16786050E+00
5 6.68941042E-01 6.69304190E-01 9.15162038E+00 9.15171170E+00
6 6.10459488E-01 6.10825020E-01 9.13690827E+00 9.13700000E+00
7 5.57169007E-01 5.57533610E-01 9.12350204E+00 9.12359340E+00
8 5.08595759E-01 5.08958140E-01 9.11128251E+00 9.11137310E+00
9 4.64311325E-01 4.64663470E-01 9.10014190E+00  9.10022980E+00
10 4.24056243E-01 4.24258730E-01 9.09001490E+00 9.09006510E+00
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11.0 APPENDIX C: DESIGN CHECK INSTRUCTIONS AND REVIEW
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Design Check Instructions to Robert Hiergesell (Geo-Modeling Group)

Perform a design check for the report, Estimated Duration of the Subsurface Reducing
Environment Produced by the Z-Area Saltstone Disposal Facility (U), WSRC-RP-2003-
00362, Rev. 2, following the general guidance provided in WSRC-IM-2002-00011, Rev.1.

Specific instructions for this design check are as follows:

1. Check the overall modeling approach to judge if it is reasonable.
2. Check to ensure that the INPUTS are correct for the following:
a. Dimensions of the Saltstone shown in Figure | and Figure 2 are accurately
transcribed into the PORFLOW™ input files.
b. Material and transport properties as shown in Table 2 are accurately
transcribed into the PORFLOW™ input files.
3. Check to ensure that the OUTPUTS are correct for the following:
a. Spot check mass balance information produced by PORFLOW™ simulations.
b. Check that Figure 5 and Figure 6 correctly represent the output data.

Design Check Instructions to Kim Powell (Waste Processing Technology Group)

Perform a design check for the report, Estimated Duration of the Subsurface Reducing
Environment Produced by the Z-Area Saltstone Disposal Facility (U), WSRC-RP-2003-
00362, Rev. 2, following the general guidance provided in WSRC-IM-2002-00011, Rev.1.

Specific instructions for this design check are as follows:

1. Check the scientific logic, especially with the description of the models and the
assumptions.

Check that the calculations are in fact conservative, where we state they are.
Check grammar, clarity, data presentation, and appropriate use of graphics.
Check interpretation and conclusions are supported by data

Be aware that we have asked Robert Hiergessell to conduct the following design
check to supplement your design check.

S ok Tk 1

Perform a design check for the report, Estimated Duration of the Subsurface
Reducing Environment Produced by the Z-Area Saltstone Disposal Facility
(U), WSRC-RP-2003-00362, Rev. 2, following the general guidance provided
in WSRC-IM-2002-00011, Rev.1.

Specific instructions for this design check are as follows:

1. Check the overall modeling approach to judge if it is reasonable.
2. Check to ensure that the INPUTS are correct for the following:

Rev. 2 30



WSRC-RP-2003-00362

a. Dimensions of the Saltstone shown in Figure 1 and Figure 2
are accurately transcribed into the PORFLOW™ input files.

b. Material and transport properties as shown in Table 2 - 3 are
accurately transcribed into the PORFLOW™ input files.

3. Check to ensure that the OUTPUTS are correct for the following:

a. Spot check mass balance information produced by
PORFLOW™ simulations.

b. Check that Figure 5 and Figure 6 correctly represent the output
data.
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Bob Hiergesell’s Design Check

Robert Hiergesell/WSRC/Srs To Thong Hang/WSRCISrs@@srs
@‘ 0201172004 03:35 PM e Tom BulchetWSRC/Srs@Srs
hee
Subject 21.,;:"] Check lor your Saltstone Reducing Environmant

Fhong

| have completed my Design Check of your analysis, the “Estimated Duration of the Subsurface Reducing
Environment produced by the Z-Area Saltstone Disposal Facility (U)" and have (he following general
comments

I suggest you nclude the Matenal Properties used for Salistone in the model in this Table 1. You should
Also provide a reference to the documents which were I1he source for these malerial properties

Conceptual Model section | would say more explicitly that the left side of the conceplual model
assumes a crack thal extends fully from the top of he Saitstone monolith to the bollom and which allows
movemeant of water along the full length

Appendix A7 There is an Appendix B and C, bul no Appendix A, Suggest esther including the missing
Appendix or re-lettenng B and C 1o be A and B

In response 1o your specihic nstructions for the Design Check

| The overall modeling approach was evaluated and is judged 1o be reasonable

24 Saltstone monolith dimensions were checked and, based on the quality of figures in the report,
appear to be accurately transcribed into the Porflow inpul files.

2h The material transport properties shown m Table 1 were examined and found lo be accurately

transcribed into the Porflow inpul files.

3 Spol checks of mass balance for Porflow simulations ol 50,000, 150,000 and 250,000 years were
chiecked The flux disparity in each is less than 0.000000E+00.

b Figures 4 and 5 were spol checked using Porflow output for 50,000, 160,000 and 250,000 years
I'he same values were obtained for the percentage of species C2 (slag) consumed at these limes as is
shown In Figure 4. Using oulput for the same years to evaluate the depth of slag oxidation on the left face
at J=13. the same values for depth of penetration were obtained as 1s shown n Figure 5. The graphs
accurately reflect the results oblained from model simulation

Rabert A Hiergesell

SRTC Environmental Sciences and Technology Depariment
Phone (803) 725-5219

Pager (803) 725-7243 Id# 10871

Fax# (803) 725-7673
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Kim Powell’s Design Check

Kim Powell/WSRC/Srs
02/20/2004 08:43 PM

To: Daniel Kaplan/WSRC/Srs@Srs
] Tom Butcher/WSRC/Srs@Srs
Subject: Review of WSRC-RP-2003-00362 Rev 2

Dan,

| have completed the review of your document WSRC-RP-2003-00362 Rev 2 "Estimated Duration of
the Subsurface Reducing Environment Produced by the Z-area Saltstone Disposal Facility." |
address the specific design check instructions below with a number of recommendations following.

1. Scientific logic is clear as are the descriptions of the models and assumptions. In the description
of the assumptions, the use of the terminology "one crack down the center” and "Simulations start at
the time when cracks are formed in the saltstone” in Section 3.3 is confusing.

2. Calculations appear to be reasonably conservative.
3. Grammar, data presentation and graphics are addressed in the recommendations below.

4. Conclusions follow well from the data presented and are further reinforced by additional supporting
references.

Recommendations:

1. Clarify that model input for Slag reduction capacity in Table 2 (9.25 E-3 meg/g solid)) is based on
25% Slag in the solid matrix. Slag reduction capacity in Table 3 (37 meg/kg slag) is based on 100%
slag. | would suggest taking Slag out of the name in Reduction Capacity in Table 2 since this is a
matrix (that happens to conlain 25% slag) rather than slag alone.

2. No experimental data is currently reported for the measurement of Cr in the reduction capacity
experiments to verify the calculation of slag and soil reduction capacity. As a further design check, |
would recommend including the experimental data set along with the calculation used. Data for the
control solution was measured as well but not reported.

3. Figure 1: in diagram make localion of crack evident.
4. Error bars on Figure 3 are inconsistent,

5. Table 4. a) rather than Calculations for Estimating Oxidation capacity of Salt Solution...| would
suggest Estimation of Oxidation Capacity of Salt Solution based on Oxidizing Constituents (or
ingredients). Should be "Used in equation 2" not equation 3. Footnote b) should read <1E-04

molesL-1).

6. One standard format for scientific notation to be used throughout the document would add clarity.
Tables 1, 3 and 4 use different variations such as 1E1 verses 1E01 verses 1E+01. Table 4 mixes
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Scientific and standard where it would be clearer to use Scientific throughout (eg 2.00E+00 instead of
2 in one column and 3000 instead of 3E+3 in the next).

7. Equation 4: R for rate is confusing because R is used for reducing capacity in eq 2 and 3 and for
reducing agent in eq1

8. Table 1: | must be missing something...for the k=0(no reaction)... time for consumption is the
shortest...20yr?

9. Redox potential measurements: Are these measurements v. SHE? Discussion of Redox
potential and capacity in the laboratory measurements section is somewhat confusing since red
potential values were not used in the model nor to calculate capacity. Perhaps breaking into separate
paragraphs.

10. 4.2 Method: #3 spelling of litmus

Kimberly R. Powell, Ph.D.
kim.powell@srs.gov

773-43A 212

Waste Disposal & Environmental Development
Waste Processing Technology

Savannah River Technology Center

Aiken, SC 29808

(803)725-6107
(803)725-4704(fax)
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12.0 APPENDIX D: SLAG REDUCTION CAPACITY CALCULATIONS

Rev. 2 35



9¢

¢ AY

"(IA)D 103

‘de) "pay 3/ban z¢ pey akd ‘3/ban g yo ([(11)24 88w z'1 ‘Ae[d %G1 - 01 {[osyV] pues Aureo| aury e payodal (£00z) I0[eydleq pue 227 ‘uosLedmiod Jo Aem A yxxx

sjuareAmnba uonos[a = ANbI 44x

‘(arqnjos 1se29]) 1°01 pue ¢'9 Hd usamiaq 9-3(°7 01 9-3¢'7 PaLRA SUONRIUIUOD (J[1)1D uonnjos ‘g Hd 18 pa1onpuod Sem 1sa],

(L861 ‘1Y pue Areq) (IO - [2101 1D = (IAMD “(S)E(HOMD Wim 1083u0d ut uonnjos g Hd ur s1sixa ([[[11D Jejowt 9-og Adreunxo1ddy .4

¢ doy
1'L9 LS6F000°0  S9£0SO0  S8€0SO0  0T9T 86 9660 S79TC 98LTT  6L'TT .ﬁuﬁa_-ﬂwz 67
7 doy
I's €91S000°0  TILISO0 TIELISO0  069T $86'6 £96°0 €6L°TT  89LTT  SOSII ,saﬁmb-.ﬂwwz 8T
1 doy
€65 8'Sh 1€£0S000°0  TLIOSO'O0  T610SO0 019  LTOOI SL60 €I18°TC  98L°TI  1ISI1  ‘“IRwnsAl-IUIN /g
¢ "doy ‘(pmbry
8S1S000°0  SISISO'0  8E€SISO0  089Z 110701 0 v6'1¢ 676’11  6T611 snl) jonuo) oz
7 "doy “(pmbry
S61S000°0  SISISO0  8ESISO0  089T  €80°01 0 696’17 98811 98811 wsnf) jonuo) ¢z
1doy ‘(pmbry
L81S0000  SISISO'0 S8ESISO0 089  890°01 0 86IT  VIGIL PG wsnf) jonuo) ¢z
Tse 79050000  11T6F00  1€T6V00 09ST  L8TOl 6660 99I'€T  6L8°T1 8811 ¢ 'day e[S ¢z
9'81 81150000 S6S6¢0°0  SI96F00  08ST  61€01 6660 ELI'ET  ¥S8TT - SSRIT 7'doy Bels ¢z
6'0¢€ '8¢ 1S0S000°0  LSSOSO'0  LLSOSO'0  0£9T 666 L6670 968TT  906TI 60611 [ doy ‘SeIS |2
Amxwghu_u.:v »:_Am____wusw
(1A)D (IA)1D 10§ (wdd) (3) (3 (3) pmbry (8) (3)
104 "dep foede)  (aqmqowr) ., (W) (W) D POPPV  P3PPV +8e[s  mpros 1M AL
‘poy 8Ay  womompay  7-p0ID (IAJD  1Dmol [eo]  pmbr] pIos +3qn]  +3qnl  aqn] uondussag ar
L
0297 0692 0192 0897 0892 0897 0957 08T 0£92 10
[1os [1os [ros [onuod [onuod [onuod Jers Sers Je[s
01€€61 60€E61  S0SE61  LOSE6]  90€€61  SOEE61  POEE6I  £OEE6] 70£€61 #sav

e mey - (wdd) /8w ur sdures [eurduo Ul UORERUIIUO))

Zv1 8d £6000-200Z-IN-DUSM

79€00-€00T-dd-OdSM

SIX"€0-1€-€ SHsaY uededy = afig

suone[nae) Ajpede) uonINpay JUIWIPIS pue Je[s




DISTRIBUTION

Westinghouse Savannah River Company, LL.C

Butcher, B. T.
Chandler, T. E.
Collard, L. B.
Cook, J. R.
Flack, G. P.
Goldston, W. T
Hang, T.
Hiergesell, R. A.
Holding-Smith, C. P.
Kaplan, D. .
Pope, H. L.
Powell, K. R.
Rustad, R. H.
Sherburne, D. C.
Stevens, W. E.
Thompson, D. G.
Wilhite, E. L.
STI, 4 copies
WPT File

Exploration Resources, Inc.
Schettino, T. A.
Young, K. E.

Yu, A. D.

773-43A
704-Z
773-43A
773-43A
773-42A
705-3C
773-42A
773-42A
773-42A
773-43A
704-S
773-43A
766-H
704-Z
773-A
704-Z
773-43A
773-43A
773-43A

WSRC-RP-2003-00362



OSR 14-35?:.;‘-2(3033

Westinghouse Savannah River Company

. e . . Document No.
ientific Technical Information (STI) Release
Scie 0 (S ) WSRC-RP-2003-00362 R /. A
Title Requested Approval Date
Estimated Duration of the Subsurface Reducing Environment Produced by the Z-Area Salisione Disposal Faciily | 4/30/2004
Primary Author/Contact Location Phone No. Position User ID
D. I. Kaplan 773-43A 5-2363 B7026
Organization Code Organization (No Abbreviations)
L3230 Waste Processing Technology
Other Authors Key Words (list 3)
T. Hang Reduction Capacity, Reduction Potential, Redox, Slag, Grout
Has an invention disclosure, patent application or copyright application \ .
been submitted related to this information? []Yes [X]No Ifyes,date submitted
Disclosure No. (If Known) Title
If no, do you intend to submit one? [lves XINo Ifyes, projected date
Information Product Description
X Technical Report | Journal Article Journal Name
L] semiannual [ Annual [] Final [ ]Topical L] other [ ] Book/Book Chapter Book Name
O Administrative Report Conference Submission*
O semiannual Tannuai CFinal Cvopical Clother % Abstract  [_]Conf.Paper [ Conf. Proceeding
: Slides/poster/displa
[] Videotape/Multimedia e i [Jother
L External Web Page URL *Conference Title
= Brochure/Booklet *Conference Location (City, State, Country)
[] Procedure/User Guide
] Drawing *Conference Dates m/d/y thru m/d/y
[_] software Package (for submission to ESTSC) *Conference Sponsor
R'_emmnces . — mi 1
|| Approved for Release/Publicly Available || Included as Attachment(s) [ |RoutingConcurrently | |Other | | STI Concurrence

| understand that for the information in this material to be given external distribution, approvals by both WSRC and, as appropriate, DOE-SR are required.
Distribution (verbally or published) must be in accordance with policies set forth in WSRC management requirements and procedures (MRP 3.25) and in DOE-SR
orders, and the content of the external distribution must be limited to that act on in this document materially, | will resubmit the

entire document for review. {

D. |. Kaplan 3/ (0 /T F

Author's Name (Print) / .rDate
Approvals by Author's Organizaton e :
Deyivativ ga sifier Classification Topic -
Z.,ZI-S Phithe (O/ b0F  |unclassitied Sz ) istne
Intgd/od Distribution y Explanation for Limited Dist.
Unlimited (release to public) [ Site Use Only [;I Corporate/University Partner
[ ] Limited (see explanation) [ ] Other DOE facility(ies) only [ | Other

| understand and have considered whether any potential intellectual property rights (patents, copyrights, etc., in accordance with MP 1.09 and MRP 1.07) or
any contractural barriers (CRADAs, Work for Others, etc.) may be involved before authorizing that this document be proposed for public release. If any
concerns were identified, these have been discussed and resolved with General Counsel

Manager's Name (Print) Manager's Signature Date
WSRC Classification Office Reviews | WSRC Classification Officer/ Analyst

Classification/EC/OPSEC Name

[ overall Os U¢ Oumn B9 : NO INFORMATION —

=] T M A= = Signature Date

it Os Oc Oun B /s |SECURITY CONCERNS.

__Export Control Concemns Cves BEMo |Comments %/ /dﬁf S

aCZ‘PSEC!Concems. L] ves “o

—_— e — ————— =

"Export Control Review (If different than above) | OPSEC Reviewer (T di R
Name Name

Signature ’ Date Signature / Date,
S T T T

OSTI Subj. Category No. "~ [Routing é{/c/ > IZS ¢ /OP/S(?‘
Co o etk a«wl/ | !
asap



03/16/2004 14:51 FAX 803
725 1660 773 A A222 doo2

QSR 14-3574 (5-2-2003) % .

; : Westinghouse Savannah River Company

: e . e iLd DocumentNo. |
Scientific Technical Information (STI) Release i - ao 200500362

Title Requested Approval Date
Mmdmmmwmwmzmmmm 4/30/2004

Primary Author/Contact Location Phone Nc Position User ID

D. |. Kaplan 773-43A ' 5-2363 B7026
Organization Code Organization (No Abbreviations)

13230 Waste Processing Technology

Other Authors Key Words (list 3)

Reduction Capacity, Reduction Potential, Redox, Slag, Grout

T. Hang
as an invention disciosure, patent application or copyright application .
been submitted related to this information? [ Yes [X No Ifyes, date submitted

| understand that for the Iinformation in this material to be given external distribution, approvals by both WSAC and, as appropriate, DOE-SR are required.

Distribution (verbally or published) must be in accordance with policies set forth in WSRC management requirements and procedures (MRP 3.25) and in DOE-SR
orders, and the content of the extemal distribution must be limited to that actyafty appreyed. If jghange intbrrpedion in this document materially, | will resubmit the -
entire document for review.

D. L' Kaplan
Author's Name (Print)

Disclosure No. (If Known) Title
If no, do you intend to submit one? [(Jves DdNo Ifyes, projected date
information Product Description
X Technical Report [J Journal Article Journal Name ; -
[ semiannual [ Annual (J Final [ Topical () other — [] Book/Book Chapter Book Name _
LI Administrative Report Conference Submission*
[ semiannual [JAnnual (JFinal [l opical Clother — % Abstract  [[]Conf.Paper (] Cont. Proceeding
. Slides/poster/di
(] VideotapeMultimedia POBIGGRSSEty (] Other
L] External Web Page URL “ConferenceTitle e
O Brochure/Booklet *Conference Lc 2ation (City, State, Country) .
("1 Procedure/User Guide 2 -

(0 Drawing *Conference Dates m/dly thru m/dly
[ Software Package (for submission to ESTSC) *Conference Sponsor _
References ‘
(] Approved for Release/Publicly Avallable ] included as Atiachment(s) [_] Routing Concurrently (] other [ smi concurrence = =

|

— T T T P T P i -
% Classificatio Topic
2a 2 Unclassified Sz) 7‘5
|m? Distribution Explanation for Limited Dist.
Unlimited (release to public) [ site Use Only [J corporate/University Partner
[] Limited (see explanation) ("] Other DOE facility(les) only __ [_] Other '

| understand and have considered whether any potential Intellectual property rights (patents, copyrights, elc., in accordance with MP 1.08 and MRP 1.07) or
any contractural barriers (CRADAs, Work for Others, etc.) may be involved before authorizing that this document be proposed for public release. If any

concerns were identified, these have been discussed and resolved wl?neral Coupgel. i
2 S / /6/C‘} {
/ Datp

Manager's Name (Prinl)
WSRC Classification Office Reviews | WSRC Classification Officer/ Analyst

DEXpOH Control Concemns [ ves O No
OPSEC Concems J No

ClassificationVEC/OPSEC Name ‘

Cloverall o R e SR Ty 1
Signature Date

Crite Bl Cle B 0w |




