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1. PURPOSE

The purpose of this report is to develop and analyze the Engineered Barrier System (EBS)
Radionuclide Transport Abstraction Model, consistent with Level | and Level 11 model
validation, as identified in Technical Work Plan for: Near-Field Environment: Engineered
Barrier System: Radionuclide Transport Abstraction Model Report (BSC 2006 [DIRS 177739]).
The EBS Radionuclide Transport Abstraction (or RTA) is the conceptual model used in the Total
System Performance Assessment (TSPA) to determine the rate of radionuclide releases from the
EBS to the unsaturated zone (UZ).

The RTA conceptual model consists of two main components: a flow model and a transport
model. Both models are developed mathematically from first principles in order to show
explicitly what assumptions, simplifications, and approximations are incorporated into the
models used in the TSPA.

The flow model defines the pathways for water flow in the EBS and specifies how the flow rate
is computed in each pathway. Input to this model includes the seepage flux into a drift. The
seepage flux is potentially split by the drip shield, with some (or all) of the flux being diverted by
the drip shield and some passing through breaches in the drip shield that might result from
corrosion or seismic damage. The flux through drip shield breaches is potentially split by the
waste package, with some (or all) of the flux being diverted by the waste package and some
passing through waste package breaches that might result from corrosion or seismic damage.
Neither the drip shield nor the waste package survives an igneous intrusion, so the flux splitting
submodel is not used in the igneous scenario class. The flow model is validated in a critical
review, as specified in SCI-PRO-006, Models. The drip shield and waste package flux splitting
algorithms are developed and validated using experimental data.

The transport model considers advective transport and diffusive transport from a breached waste
package. Advective transport occurs when radionuclides that are dissolved or sorbed onto
colloids (or both) are carried from the waste package by the portion of the seepage flux that
passes through drip shield and waste package breaches. Diffusive transport occurs as a result of
a gradient in radionuclide concentration when a continuous film of water of sufficient thickness
exists and may take place while advective transport is also occurring, as well as when no
advective transport is occurring. Diffusive transport is addressed in detail because it is the sole
means of transport when there is no flow through a waste package, which may dominate in a
large portion of the repository during the regulatory compliance period. The advective transport
rate, when it occurs, is generally greater than the diffusive transport rate. Colloid-facilitated
advective and diffusive transport is also modeled and is presented in detail in this report.

Additional submodels and model parameters developed in this model report include:

¢ Diffusion inside a waste package. The time-dependent quantity of corrosion products
inside a breached waste package is estimated; this enables the surface area available for
adsorption of water to be approximated. Water saturation is determined from water
vapor adsorption isotherms for corrosion products as a function of relative humidity,
which in turn gives the water volume through which diffusion of radionuclides may
occur.
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EBS Radionuclide Transport Abstraction

Diffusion in the invert, accounting for the dependence of diffusion on porosity,
saturation, and temperature.

Sorption in the invert.

EBS-UZ interface model. Implementation in the TSPA includes this model to provide a
realistic concentration boundary condition.

Parameter uncertainty associated with each model and submodel is discussed. The transport
model and the EBS-UZ interface model are validated using corroborative data and models as
well as a critical review, as specified in SCI-PRO-006, Models.

Alternative conceptual models considered, include:

A “bathtub” flow model in which water must fill a breached waste package before any
can flow out, as opposed to the flow-through model that is used

A model that shows the effect of limitations on diffusion of water vapor and oxygen into
a breached waste package and resulting delays in releases of radionuclides

A dual-continuum invert flow and transport submodel
Alternative invert diffusion coefficient submodels
Reversible sorption of radionuclides onto waste package corrosion products

Plutonium (Pu) sorption onto stationary corrosion products and 