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2 .0 DISPOSL FACILITY DESCRIPTION

2. 1 OVERVIEW

This chapter explains the expected environment within the
region and around the low-level tank waste disposal facility,
probable waste retrieval and immobilization and likely design,
operating, and closure concepts for. the disposal facility. It
covers the following topics.

* Hanford site Characteristics (section 2.2). This topic
includes descriptions of regional and local geography,
demography (including future land use), climate,
geology, hydrology, soils, ecology and biotic
conditions, and natural radiation background.

* Waste Characteristics (Section 2.3). This topic
discusses current waste storage in underground tanks
and plans for retrieving the waste, separating it into
high- and low-level fractions, and immobilizing the
low-level fraction, including packaging and
certification.

* Disposal Technology (Section 2.4). This topic
describes the current concepts on disposal units, waste
handling and interim storage operations, waste
emplacement, disposal unit closure and stabilization,
and site closure.

2.2 HANFORD SITE CHARACTERISTICS

2. 2. 1 Overview

This section describes the regional and local environment in
which the low-level tank waste disposal facility will likely be
located. Extensive r search has been done on the Hanford Site.
However, this section will cover only the characteristics that
will be use6 to model the low-level tank waste disposal
facility's long-term performance more complete descriptions
will be referenced whenever possible.

2.2.2 Geography

The Hanford Site is a 1,450-km (560- area of semiarid
land located in south-central Washington State. The Sanford Site
is owned by the U.S. Government and restricted to uses approved
by the DOE. Figure 2-1 shows the Hanford Site in relation to the
rest of the state. It also identifies the major cities in the
region, Seattle, Portland, and Spokane, which are over
260 kilometers (100 miles) from the Hanford Site.
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Site in Washington State.

The major features of regional geography are the nearby
rivers and mountains. The Columbia River, which forms the
eastern boundary of the Hanford Site, is an important source of
water and hydroelectric power for the region. Other important
rivers near the Hanford Site are the Yakima River to the
southwest and the Snake River to the east. The Cascade
Mountains, which are about 160 kilometers (100 miles) to the
West, have an important effect on the climate of the area as
discussed in Section 2.2.4.

Figure 3-2 shows the Hanford site. The DOS is planning to
release some of the Hanford Site land for public use. The areas
planned for release are the area north of the Columbia River and
the area to the southwest of State Highway
Fitzner/Eberhardt Arid Lands Ecolor Reserve The 200 Areas,
where the tank waste is currently located are in the center of
the Hanford Site. Just south of the 200 Areas is land used for
commercial low-level radioactive waste disposal (US, Ecology).
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Figure 2-2. Hanford Site Map Shoving Publc Highways.
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reprocessing facility. Figure 2-3 shows the proposed TWRS
complex area This location was chosen for the following three
reasons

The location is near existing tank farms
Unused land is available
The location is inside the fence line of the 200 Areas.

However, this location still needs to be approved. There is some
consideration in using the four existing empty vaults in the
Grout Disposal Facility to dispose of the initial part of the
waste.
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Figure 2-6 Divisions of the Ibtermontane Physiographic and
Adjacent Snake River Plains Previaces.
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wind erosion and earthquakes are considered as drivers for
changes in the engineered structure as a function of time. They
are described in Section 3.4.6.7. Massive regional flooding has
occurred many times during the past 50,000 years (see Section
2.2.5.2). The flood in the scenario (caused by the release of
water during glacial retreat from a receding ice dam) removes 30
or more meters of ground (including the disposal units). In this
scenario, the waste is uniformly redeposited over the Hanford
Site. Seasonal flooding or flooding caused by collapsed dams
would not affect the disposal site

3 .34 Contaminant Release Scenario

The actual waste for that will contain the contaminant is
not yet known. Before the final request for proposal (RFP) for
the privatization effort was released (DOE RL 1996), the
reference waste form was silicate glass. until the privatization
contract is awarded, the waste forms will be uncertain.

The following subsections discuss different aspect of
contaminant release. Section 3..4.1 gives a general overall
description of the contaminant release scenario. Section 3.3.4.2
focuses on what occurs during the water/waste form interaction if
the waste form is a silicate glass. This more detailed scenavio
was developed in the acknowledgement of the maturity of silicate
glass waste forms. The scenario is based on experience with
silicate glass.

The contaminant release rate used in the calculations is
described in Section 3.5.4.

3.3.4.1 General Description. The contaminant release scenario is
based on a water/waste form interaction. Initially, the disposal
facility design (Section 2.4) delays moisture from entering the
vault bays. Eventually, water enters the vault bays and sows
downward to the waste packages. Once at a waste package, the
water first interacts with the container, aiding its corrosion.
Once the container is breached, water is assumed to reach the
waste form. The water starts with and breaking down
the waste form. The waste form then releases the contaminants
into the available water. The release rate will depend on the
material, temperature, and the local chemical environment. Then
available water transports the contaminant from the waste package
and through the disposal facility. if the vault bay contains a
getter material that sorbs the contaminant, the contaminant takes
longer to move through the disposal facility. Finally, the
moisture and contaminants migrate to the vadose zone through
cracks it the bottom of the disposal facility.

3.3.4.2 Release based Glass Corrosion. If the
waste form it a silicate glass, glass corrosion processes would
control the initial release of the contaminants. Studies have
shown (Cunnane 1994) that silicate glasses corrode in three
stages.
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expected to be the natural rate (3 nk/y). However, this effect
is ignored because the barrier covers most of the surface area
important for contaminant transport.

The following three sensitivity cases, based on natural
conditions were selected to bracket the selected infiltration
rates for the disposal facility:

The first does not consider the surface barrier. The
3 recharge rate was used throughout the
calculation.

* The second used the rate that was use in the grout
performance assessment (Kincaid 1995). For the grout

assessment the surface barrier was assumed
to be effective forever. However the recharge rate was
slightly higher,

* The third used a very low recharge rate. the recharge
rate of 0.1 .m/y (0.004 in./y) was used. Prelim inary
tracer measurements indicate that if sagebrush persists
at the disposal site, this recharge rate may be
appropriate.
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etc. In general, chemical reactions can be tested as either
equilibrium controlled or kinetic-controlled, several of the
available reaction-transport models can only treat equilibrium
reactions (Mangold 1991). In this case, the non-linear equation
(1) can be transformed into a linear equation and thus is
numerically easier to solve. However, many reactions are
kinetically controlled, especially solid dissolution and
precipitation reactions. Consequently, both equilibrium and
kinetic reactions are included in the model used here. To
emphasize this, the reaction term in Equation (1) is split into
two parts: one represents the contributions from equilibrium
reactions, the other from kinetic reactions

and are the stoichiometric coefficients in
equilibrium reactions and kinetic reactions, respectively, while
Wi and are the rates of equilibrium and kinetic reactions,
respectively.

To define the mathematical form of the note that for
any kinetic reaction involving aqueous and solid species m with
the form

using the law of mass-action, with activity corrections, the rate
can be expressed

where A is a factor. For aqueous reactions, A - 1. For solid
dissolution and precipitation reactions A is the effective
reaction surface in unit volume of the porous medium. If we
further assume that all solids are spherical grains or can be
represented as equivalent spherical grains with radii of R, and
that effective reaction surface proportional to water
satuation then,
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interim performance assessment and the AREST-CT calculations for
this document give confidence to the validity of the AREST
code.

The verification of AREST-CT, Version l was done to assure
that modules of the program were correctly implemented and worked
together (Chen 1995). The verification had two parts. First,
specific portions or modules of AREST-CT were unit tested to
verify that the modules were performing correctly. Unit testing
consists of evaluating individual code modules against hand
calculations, analytical solutions, or other existing numerical
codeg. Each module was unit tested before being implemented into
ARIST-CT. All modules were considered acceptable for current
usage.

The second part of the verification of AREST-CT consisted of
testing the computer code as a whole object. At the time of
verification, no analytical solutions existed for solving the
reaction-transport problems designed for AREST-CT. The code was
benchmarked against simulation results from a similar reaction-
transport code.

The benchmark text case that was a 1-D idealization of a
low-level waste engineered system. The system consisted of 7
solids and 12 aqueous species. Two types of reactions were
considered -- equilibrium aqueous reactions and solid
dissolution/precipitation reactions. More details on the testing
are given in Chen (1995). The results of the test showed that
AREST-CT simulations quantitatively compared very well with the
analytical solutions and other reactive-transport codes.

Further testing and verification tests will be conducted as
the AREST-CT code develops. Future testing will include
integretion testing for rechanisms of radioactive decay and decay
chain in growth, and for 2-D simulation. Plans for code
development include increasing the number of grid nodes and
decreasing the size of time steps for the one-dimensional
transport case in order to improve convergence. Also the program
will be coupled with an unsaturated flow solver. Currently, the
program uses the water velocity data from PORFLOW. with the flow
solver, AREST-CT will model infiltration velocity changes with
porosity as a result of solid dissolution/precipitation
reactions.
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APPENDIX D
MOISTURE FLOW AND CONTAMINANT TRANSPORT COMPUTER CODES

D. 1 Overview

This appendix provides detailed information about the
moisture flow and transport codes PORFLOW (ACRi 1994a) and
VAM3D-CG (Huyakorn 1994)] used in this performance assessment.
The following sections cover the governing equations, the
detailed reasons for code selection, verification / benchmarking
/ validation efforts, and the input decks for the base analysis
case.

D . 2 Governing Equations

D.2.1 Overview

This section discusses the equations important in
calculation of moisture flow and contaminant transport. The
first section presents the equations on which the water flow
calculations are based. The next section discusses contaminant
transport associated with moisture flow. The final section
describes moisture movement under diffusive conditions.

D.2.2 moisture Flow

Two distinct moisture content regimes are present during
contaminant transport: the unconfined aquifer and the vadose
tone. in the unconfined aquifer, all the pore spaces are filled
with water; that is, the medium is saturated with water. In the
vadose zone, by contrast, the pore spaces between the soil
particles are only partially filled with water. The vadose zone
is unsaturated,

Water flow through a saturated porous medium, such as the
unconfined aquifer, is governed by the empirical relationship
known as Darcy's Law (Freeze 1979) and by the conservation of
mass. Darcy's law can be expressed as

where v is the velocity vector (L/T),
K is the hydraulic conductivity tensor L/T), and
h is the hydraulic head vector (L).

By using the conservation of water entering and leaving a
volume and by using Darcy's law to relate the hydraulic gradient
to the rate at which water enters and leaves the same volume,
transient water flow in a saturated porous media can be expressed
as



where S is the specific storage (L") and
0 is the source or sink of moisture (T-1).

Darcy's law defines the discharge of water through a cross
section of porous media. However, in contamination transport,
the average velocity of water flowing through the media is
important. This is because contaminants which are not
geochemically retarded move with the water. The average velocity
of the pore water is determined by dividing the velocity of the
water by the porosity of the media. Porosity is defined as the
ratio of void space to total volume.

In an unsaturated media, the pores are not completely filled
with water. Additional effects (capillary forces, the dependence
of hydraulic conductivity on moisture content) must be
considered. Richards equation (Richards 1931) becomes the
governing equation:

where K is again the hydraulic conductivity tensor (L/T),
but now depends on the pressure head,
is the pressure head L) which is dependent on the
moisture content and
is the moisture content (dimensionless).
is the vertical column of moisture (L).

The relationship between the pressure head and the hydraulic head
is simply

For the performance assessment calculations, the hydraulic
conductivity tensor is reduced to a single function, with

The functional dependence of the pressure head on moisture
content and of the hydraulic conductivity on pressure head and
ultimately on moisture content is discussed in Section 3.4.4.3
(Vadose Zone Hydraulic Parameters).

For extremely dry conditions, vapor diffusion may be
important. In such conditions, water does not move as a
collective body but rather as single molecules. Such diffusion
can be described by Fick's equation,
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left of the equal sign is the accumulation (storage) of the
solute in the liquid phase in the flowing void. The next term is
the accumulation in the liquid phase in the non-flowing void.
The following term is the accumulation in the solid phase; and
the term to the left of the equal sign is x-direction advective
transport in the flowing voids in the liquid phase. The first
tern to the right of the equal sign represents the dispersive
transport in the flowing voids in the liquid phase in each
direction. The next term represents the diffusive transport in
the non-flowing voids in the liquid phase in each direction. The
last terms are the chemical degradation or radioactive decay in
the liquid phase in the flowing void, in the solid phase, and in
the liquid phase in the nonflowing void respectively.

Using the following assumptions

The dissolved concentration in the non-flowing flows
(G) equals the dissolved concentration in the flowing
voids (C) for each time and for each position

The contaminant absorption process can described by
a constant (K - p * Kd/(l - D)) representing the ratio
between the contaminant absorbed to the soil matrix (P)
and the contaminant dissolved in solution (C)

The diffusion in the nonflowing void (E) is
comparable with the dispersion in the flowing void

the above equation can be simplified to
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



the contaminant transport equation can be written as

The first equation of this section specifically address the
general conditions for saturated flow and solute movement.
However, it can also be applied to the unsaturated zone if minor
modifications are made:

* The porosities (n and n.) are assumed to be equal to
the soil matrix moisture content

* The one-dimensional flow is in the vertical direction.

For this case, the retardation factor is defined by

where is the moisture content of the partially saturated zone
and dispersion is only considered in the flow direction.

D. 2 . 4 Vapor Transport

Some contaminants may move upward from the disposal facility
to the surface because they are in the vapor phase. Such
movement is governed by Fick's second law,

where C is the concentration, is the distance, t is time, and D
is the diffusion coefficient. The solution for concentration C
in the z direction over time t is given by:

where erfc in the complimentary error function and
relative concentration. The mass transport across
becomes
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Transient two-dimensional transport in a rectangular
soil slab

Three-dimensional transport in uniform groundwater
flow.

The benchmarking tests consisted of

* Modeling the 217-U-17 Crib in the 200 West Area
modeling a clay Cap.

in all cases, good agreement was found.

D.5 Field Testing

D. .1 Field Testing

Testing of PORFLOW against Hanford field experiments
(Hanford Injection Test) and accidents (T106 Tank Leak) is now
being performed.

D.5.32 VA3D-CG - Field Testing

Field testing efforts were performed for both versions 2.4b
and 3.1. The calibration/validation effort for Version 2.4b (Lu
1993) used data from the Hanford Injection Test experiment
(Sisson 1984). The calibration/validation effort for Version 3.1
used data from the reevaluation of the Hanford Injection Test
Experiment and from new experiments (Fayer 1995b).
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APPENDIX E
DETAILED RESULTS

This appendix presents more information concerning the
results of the simulations. There are four sections covering
a) vadose zone simulations, b) unconfined aquifer simulations,
c) the calculation of dose, and d) simulations of glass
dissolution.

Because of the long-time of release from the waste form, the
time-dependence of the vadose zone transport and hence of the
impacts of the disposal action looks more like a step function
than a peak function. The following section provides a
mathematical justification for this shape.

For a point source in an infinite one-limensional
homogeneous media, the concentration of contaminants C) can be
expressed as
{COULD NOT BE CONVERTED TO SEARCHABLE TEXT}



For the more typical came where the release from the waste
form is quick relative to the travel through the vadose zone,
then it is the Green's function which can be removed from the
integrand, resulting in a integral that is just the inventory.
The time dependence is a skewed bell-shaped curve.

E. 2 VADOSE ZONE SIMULATIONS

3.2.1 Overview

This appendix provides more details concerning the computer
simulations that were run to determine the contaminant flux to
the underground aquifer. The next section contains a brief
discussion of the calculation for very long times. The last
section summarizes the fluxes for all the computer simulations
(Table E-1) as well as figures displaying the contaminant fluxes.

3.2.2 Extension of Calculation to Long Times

In order to determine the peak impact, calculations of the
vadose zone flux must be made for millions of years. However,
computer simulations for such long times would not justify their
cost. Therefore a simpler approach was used.

As has been shown in previous Hanford calculations, the
normalized flux to the aquifer can be approximately calculated
based on the K - 0 group. By assuming that the release rate
continues indefinitely and that the waste form release controls
the temporal shape, the normalized flux to the aquifer can be
approximately by

By comparing the time of occurrence for r - 10' per year for K-O
and Kd - 3 m/g a is found to be 6. 6 1/mg. Figure E-1 compares
the K. - 3 mg/l group an found by computer simulations and as
predicted using the above simple formula.

Z.2.3 Values

The results of all the vadose zone simulations are displayed
in Table 3-1 (where cases beginning with 1 were performed with
the Concept 1 Full Facility Model, beginning with 2 were
performed with the Concept 2 Full Facility Model, and beginning
with 3 were performed with the Unit Cell Model ). The results
for each simulation are ordered by the value of the
parameter. Because for most of the simulations, the peak value
occurs after the simulations and at 100,000 year, values in the
table for half height and for 1 ppm height are given both for the
actual peak value and for the peak value in the first 100,000 years.
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Figure E-11 shows the calculated concentrations as a
function of time and space. Unlike the time and spatial
dependence found for the glass corrosion rate, the "Tc
concentrations appear smooth and regular, with only a slight peak
near the vault edges where the glass reaction rate is highest.
The smooth spatial profile for "Tc results because under the
oxidizing conditions in the vault, "Tc is highly soluble as a
pertechnitate (TcO) anion. With no solid phase precipitation
to affect the concentration profile, the radionucide is subject
to dispersion by diffusion and advection, which tends to smooth
concentration gradients.

The simulation results presented in Figures E-8 through E-
l1 neglected the ion-exchange Reaction (10). The inclusion of
this reaction has a dramatic effect on the computed pH profile in
the vault, as illustrated in Figure E-12. With ion exchange
included, the computed pH in the vault rises to over 12, nearly
two pH units higher than in the simulations without the reaction
Figure E-9). LD6-5412 glass is less stable at pH >12; this is

reflected by a marked increase in the calculated glass corrosion
rate, as shown in Figure 4-22. With ion exchange included in the
simulation, the overall rate of glass corrosion in the vault
increases by several orders of magnitude. Although it will not
be shown here, the increase in glass corrosion rate increases
proportionately the release rate of an element such as "Tc.
which is highly soluble under these conditions. The release
rates of le soluble radionuclides increase or even decrease
depending on whether the solubility of any secondary phases that
contain the elements increase or decrease at the higher pH.

The large increase in the computed glass corrosion rate in
the vault from the ion-exchange reaction mechanism is a clear
example in which a computer simulation has identified a
ignificant performance assessment issue that is not observable

from laboratory test results. 1 typical water-saturated, low-
temperature, batch tests with LD-54l2 glass, the sodium ion-
exchange reaction was identified as a minor secondary reaction
that contributed to an enhanced rate of sodium release as
compared with the other major glass components, including boron
and silicon. The importance of this reaction mechanism to the
overall performance of the disposal system was only revealed
through computer simulations that properly couple chemical
reactions and transport. Now that the importance of this
mechanism has been identified, new glasses can be formulated that
either eliminate or minimize the sodium ion exchange, and thus
significantly improve the overall performance of the disposal
system.
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Task Waste Remediation System
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Mr. Donald D. Wodrich
Office of Tank Waste Remediation System
U.S. Department of Energy
Richland Operations Office
P.O. Box 550 MSIN
Richland, WA 99352

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION - HANFORD INCIDENTAL WASTE
CLASSIFICATION

Dear Mr. Wodrich:

U.S. Nuclear Regulatory Commission staff along with our contractor, the Center
for Nuclear Waste Regulatory Analyses. are in the process of reviewing the
Technical Basis for Classification of Low-Activity Waste Fraction from

Hanford Site Tanks (Technical Basis), WC-SD-WM-TI-699. Rev. 2 as requested
in the November 7, 1996, letter from J. Kinzer, U.S. Department of Energy
(DOE) to C. Paperiello, U.S. Nuclear Regulatory Commission. In the process
of reviewing the Technical Basis, we have also examined several of the
supporting references, including the "Hanford Low-Level Tank Waste Interim
Performance Assessment (Interim PA), WHC-EP-0884, dated September 16, 1996.
With respect to the Interim PA, we have identified several issues that need to
be resolved before NRC staff can fully evaluate your request for agreement
that the Hanford tank waste planned for disposal on-site is incidental waste
that would not be subject to NRC licensing authority. These comments address
the effects of certain assumptions, models, or parameters on dose calculations
with respect to meeting the third of the incidental waste classification
criteria set forth in the March 2, 1993, letter from R. Bernero, NRC, to
J. Lytle, DOE. The comments are listed in the Enclosure.

In order to facilitate the expedited review schedule requested in the
November 7 letter, we would like to attempt to resolve these issues in a
meeting (face-to-face, or through telecon or videocon) with you and with the
PA staff that authored the Interim PA document. Please contact either
Jennifer Davis at (301) 415-5874, or Richard Weller at (301) 415-7287 to set
up a meeting. We would appreciate it if the meeting could be held very soon,
as we are working to meet your scheduled completion date of April 1997.

Sincerely,

Michael J. Bell, Chief
Engineering and Geosciences Branch
Division of Waste Management
Office of Nuclear Material Safety

Enclosure: As stated and Safeguards
cc: J. Kinzer (w/encl)



SPECIFIC COMMENTS FROM REVIEW Of THE
HANFORD LOW-LEVEL TANK WASTE INTERIM PERFORMANCE

ASSESSMENT WHC-EP-0884, REVISION 0

1. The Interim PA provides a value of an initial fractional radionuclide
release rate of 4.4x10" for all radionuclides except which has a
rate of (pp iv and 3-32). These values for the fractional
radionuclide release rate may be unrealistically low for the disposal
facility. The Interim PA assumes that the fractional radionuclide
release rates are limited by the fractional bulk dissolution rate of the
glass However, it is not clear how the fractional release rates for

a highly soluble nuclide, could be much smaller than the other
Isotopes in the glass. These values should be justified. For example,
Kerrisk (1984) presents a detailed model for calculating fractional
radionuclide release rates for vitrified pressurized water reactor high-
level waste for 10 important radionuclides expected in the waste, based
on nuclide solubilities, recharge rates, background concentrations of
silica, and other factors. A similar evaluation would be appropriate
for the Tank Waste Remediation System waste.

Additionally, the bulk dissolution rate for glass does not necessarily
determine the dissolution rate for high-solubility fission products it
the glass (such as "Tc and I) because many of these nuclides may
have the ability to diffuse out of the glass, and may, therefore, have
high release rates. These processes are not included in the Interim PA.

The K value for I (p. 3-27, Table 3-5) appears to be nonconservative.
As standard practice, I is generally considered to be unretarded,

(See also Sheppard and Thibault, 1990.) The value
presented in the Interim PA, is somewhat higher. This
difference is expected to significantly affect the results. The value
used should be altered or justified.

3. Some of the all-pathways dose conversion factors (DCFs) in the Interim
PA (p. 5-56, Table B-3) appear to be low compared with DCFs for other
arid sites (LaPlante, et a)., 1995). The Interim PA should include a
more detailed technical justification for the selection of the DCFs,
because evaluations of disposal facility performance are expected to be
very sensitive to the values selected.



4. The derivation of the relative radionuclide release rate (pp. 3-33 and
3-34) way require modification. The equation in the center of page 3-33
describes the absolute radionuclide release rate (in Ci/yr) for the
waste form as:

RRR radionuclide release rate (Ci/t)
the time
the constant corrosion rate
the surface area of the waste form as a function of time

the radionuclide inventory in the waste form as a function
of time (Ci)

V(t) the volume of the waste form as a function of time (13)

Assuming that this equation is correct, the relative (or fractional)
radionuclide release rate, FRRR(t), i.e., the fraction of radionuclide
inventory release rate per unit time would be given by:

FRRR(t) - RRR(t)/1(t) - C * S(t)/V(t)

The waste area to volume ratio is expected to increase with time due to
corrosion of the waste form and cracking due to formation of corrosion
products. Because FRRR(t) is directly proportional to the waste area to
volume ratio, this quantity would be expected to increase with time.
page 3-34, there is an expression for FRRR(t) that decreases with time.
These considerations should be included in the Interim PA, because
performance is likely to be highly sensitive to radionuclide release
rate.

5. The Interim PA methodology is deterministic, and single values
(sometimes best values) of parameters are used. The reviewers are
concerned that if the range of measured parameter values were
incorporated into the Interim PA, some performance limits might be
exceeded. Uncertainty analyses should be performed in addition to the
sensitivity analyses presented in the Interim PA.

6. There is insufficient justification for the assumption that the
capillary barrier will be intact for 1000 years. The performance of
this barrier will degrade with time. Similarly, the Interim PA assumes
that the concrete vaults will be intact for 500 years. This assumption
seems to be based on a U.S. Nuclear Regulatory Comission Branch
Technical Position which specifies that the maximum credit that can be
allowed for concrete structures is years. A site-specific
justification should be provided for this assumption, since occurrence
of earthquakes and other natural events must be accounted for.



7. The infiltration rate of 0.5 /yr for the first 1000 years and
thereafter has not been adequately justified. These values May be
unrealistically low, and contribution from lateral subsurface flow
during storms has been neglected.

8. The release rate calculation appears unrealistic in that the dissolution
time for the entire inventory is based on dissolution in still water.
In flowing water, waste dissolution will be faster because the fresh
water will provide for continuous attack on the waste form. The Interim

acknowledges that performance results are dependent upon the release
rate (pp. 3-32 and 3-35). The dissolution time calculations should be
justified or altered.

9. The interim PA uses an equation which appears to consider that the
quantity of radionuclides transported to the base of the vadose zone is
dissolved in a volume of water equal to the annual recharge (p. 3-61).
This would be unrealistic and nonconservative, particularly for the
second design option in which the vaults are interspersed by soil. The
volume of water will be the portion of annual recharge that actually
flows over the waste. The concentration calculated by the flow and
transport code would appear to be more justifiable.

10. Flow and transport modeling neglects heterogeneity within layers
omitting consideration of spatially distributed flow.
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