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/ INTRODUCTION \ waste repository at Yucca Mountain, Nevada, may be influenced by several factors,
Objectives including quantity and chemistry of seepage water, temperature, and relative humidity.
The complex relationships between thermal, hydrological, and chemical processes lead to

difficulty in estimating the in-drift environmental conditions that influence the quantity
and chemistry of water potentially contacting the engineered barrier system. A phased
program of experimental and numerical studies are underway to (i) simulate the in-drift
conditions by controlling the heat load, infiltration flux and initial water compositions,
and (ii) measure the changes in temperature, relative humidity, and chemistry of the water
contacting the surfaces of the engineered barrier materials.

The evolution of environmental conditions within the emplacement drifts of a ¢ Simulate the waste package and drip shield surfaces using a test system under thermohydrological
potential high-level nuclear waste repository at Yucca Mountain, Nevada, may be [ conditions expected within the emplacement drifts in the potential repository at Yucca Mountain.

influenced by several factors, including the temperature and relative humidity
within the emplacement drifts and the composition of seepage water. The
performance of the waste package and the drip shield may be affected by the
evolution of the environmental conditions within the emplacement drifts and in the
surrounding host rock. The complex relationships among thermal, hydrological, and
chemical processes lead to difficulty in estimating the in-drift environmental
conditions that influence the quantity and chemistry of water potentially contacting
the engineered barrier system (Figures 1 and 2). In-drift thermohydrological
conditions significantly affect temperature and relative humidity gradients and lead
to moisture redistribution (Fedors et al., 2004). These conditions, in turn, affect the
chemistry of water contacting the drip shield and waste package, corrosion of the
engineered barrier system, and transport of radionuclides through the invert to the
unsaturated zone below the drifts. In addition, temperature estimates can be
significantly modified when (i) drift degradation leading to formation of a rubble
pile, (ii) natural convection, and (iii) the cold-trap process are considered. Figure 1- Schematic of the Thermohydrological

Processes in the Near-field Environment

*  Measure the evolution of near field chemistry in the host rock and on the surfaces of the engineered barrier

"'\ Condensation Zone materials.

* Determine the influence of temperature, infiltration, and chemistry variations on the corrosion of the waste
package and drip shield materials.

The first phase involved analytical and experimental studies to determine the composition
of the salts that form due to evaporation. Tests conducted in this phase used a wide range
of solution compositions representative of calcium-chloride, neutral, and alkaline brines
that may be produced through the evaporation and concentration of initially dilute
seepage water at the potential repository at Yucca Mountain, Nevada. The composition of
the salts that formed was dependent on the composition of the initially dilute water
chemistry. The second phase will consider the evolution of thermohydrological
conditions in the surrounding porous medium (i.e., host rock) using experimental and
numerical models. The surrounding porous medium is represented using quartz sand to
avoid modifying water chemistry by rock-water interactions. In the third phase, rubble
(degraded drift scenario) will replace sand to represent the surrounding porous medium.
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Experimental Model

A schematic illustration and a photograph of the experimental setup under construction are shown in Figures 4
and 5 respectively. Quartz sand is used for the surrounding porous medium (i.e., host rock) as it is inert and will
not modify the water chemistry by rock-water interactions. The effect of rock-water interactions on chemistry
will be examined in the next phase, where rubble will replace quartz sand to simulate a degraded drift. The
porous media is restrained using stainless steel mesh to form a simulated drift.

NS Drip Shield
Host rock: -

Multiple tests will be conducted with known starting water compositions and flux rates. Because the range of
possible water compositions that may contact a waste package and drip shield is of interest, the starting water
composition will be varied to include the most benign (low chloride and high nitrate), most aggressive (low
nitrate and high chloride), and the highest boiling point (high chloride and high nitrate) combinations for the
alkaline, neutral, and Ca-Cl brines.

Waste packages for the potential repository will consist of an Alloy 22 (56Ni-22Cr-
13.5Mo-3W-4Fe) outer container surrounding a Type 316 nuclear grade (NG)
stainless steel (SS) inner container. Degradation of the Alloy 22 waste package
outer containers may occur by uniform corrosion, pitting or crevice corrosion, and Rock Boits )

stress corrosion cracking. Work has been conducted by DOE and by NRC and the e Emptacemont Drif
Center for Nuclear Waste Regulatory Analyses (CNWRA) to characterize the

conditions under which the various degradation mechanisms may occur (Dunn et
al., 2000).

The study presented in this poster involves experimental and numerical models Lichtner, P.C. and M.S. Seth. “Multiphase-Multicomponent Nonisothermal Reactive Transport in
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. . . ransverse Suppor Beam L. A . . Nonisothermal Coupled Thermal-Hydrologic-Chemical Flow Simulator. San Antonio, Texas:
developed in a phased manner. The first phase, essentially complete, involved @ rmisimin s Monitoring Corrosion: Sensors will be used to determine the presence of WR A. 2003. /
analytical and experimental studies to determine the composition of the salts s susotcen e moisture and measure corrosion rates. The experimental setup is designed to

(Typical for 3 Across)

forming due to evaporation from a wide range of initial pore water compositions.

The second phase, now underway, considers the evolution of coupled Figure 2. Schematic of the In-Drift Components at
thermohydrological-chemical conditions due to heat generated in an intact drift vy cca Mountain (Dunn et al., 2006) [1 m = 3.28 ft] comparison with the sensor measurements. Sensor locations will be adjusted
(i.e., no degradation) using experimental and numerical models. The third phase based on the results of the water chemistry tests for each case.

will cons1@er the evolution of thermohydrological-chemical conditions in a Figure 5 —Experimental Setup under Construction
degraded drift.

allow periodic removal and replacement of the test coupons to allow independent
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