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OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS REVIEW OF THE U.S.
DEPARTMENT OF ENERGY AGREEMENT RESPONSES RELATED TO THE POTENTIAL

GEOLOGIC REPOSITORY AT YUCCA MOUNTAIN, NEVADA:
IGNEOUS ACTIVITY KEY TECHNICAL ISSUE AGREEMENT IA.2.17

1.0 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) issue resolution goal during the prelicensing
period is to assure the U.S. Department of Energy (DOE) has assembled enough information
about a given issue for NRC to accept a license application for review.  Resolution by the NRC
staff during prelicensing does not prevent anyone from raising any issue for NRC consideration
during the licensing proceedings.  Further, resolution of an issue by NRC during prelicensing
does not prejudge the NRC staff evaluation of the issue during the licensing review.  Issues are
resolved by the NRC staff during pre-licensing when the staff has no further questions or
comments about how DOE is addressing an issue.  Pertinent new information could raise new
questions or comments about a previously resolved issue.

This review addresses Igneous Activity (IA) Key Technical Issue Agreement IA.2.17, which was
made between DOE and NRC during the IA Technical Exchange and Management Meeting
(Reamer, 2001).  The most recent response from DOE to IA.2.17 is represented by Ziegler
(2004).  This agreement is considered important to repository performance because it relates to
characterizing processes of fluvial and eolian remobilization of potential tephra deposits and
resulting effects on models related to mass loading through time.  NRC analyses suggest that
Agreement 2.17 has a medium significance to risk calculations (NRC, 2004).  In NRC, 2004,
staff described the basis for risk-ranking the key technical issue agreements. 

2.0 WORDING OF THE AGREEMENT

IA.2.17 is defined in an NRC staff letter (Reamer, 2001), which summarizes the IA Technical
Exchange and Management Meeting held September 5, 2001.  The wording of the agreement
is as follows:

"DOE will evaluate conclusions that the risk effects (i.e., effective annual dose) of eolian and
fluvial remobilization are bounded by conservative modeling assumptions in the TSPA-SR,
Rev. 00, ICN1.  DOE will examine rates of eolian and fluvial remobilization off slopes, rates of
transport in Fortymile Wash, and rates of deposition or removal at proposed critical group
location.  DOE will evaluate changes in grain size caused by these processes for effects on
airborne particle concentrations.  DOE will also evaluate the inherent assumption in the mass
loading model that the concentration of radionuclides on soil in the air is equivalent to the
concentration of radionuclides on soil on the ground does not underestimate dose
(i.e., radionuclides important to dose do not preferentially attach to smaller particles).  DOE will
document the results of investigations in the AMR, Eruptive Processes and Soil Redistribution 
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ANL-MGR-GS-000002, expected to be available in fiscal year 2003 and in the AMR, Input
Parameter Values for External and Inhalation Radiation Exposure Analysis,
ANL-MGR-MD-000001, available in FY 2003, or another appropriate document."

3.0 SIGNIFICANCE OF ISSUE TO PERFORMANCE

NRC sensitivity analyses (NRC, 2004) indicate that remobilization and redistribution of tephra
deposits by fluvial and eolian processes following potential igneous events has a MEDIUM
significance to total system performance assessment results.  Any initial tephra deposit at the
location of the reasonably maximally exposed individual (i.e., receptor) will erode and become
depleted in resuspendable particles through time, resulting in progressively lower inhalation
doses from those deposits in the years following a potential volcanic event.  The receptor
location is described generally by the uninhabited areas within several kilometers of the
Fortymile Wash drainage, along the southern boundary of the Nevada Test Site (Bechtel SAIC
Company, LLC, 2003a).  The significance of remobilization is that this process, through time,
likely brings consequential amounts of fine-grained particles contaminated by radioactive waste
into the general area of the receptor.  Therefore, the reasonably maximally exposed individual
can be exposed to airborne contamination from resuspension of fine-grained particulates from
(i) the initial tephra deposit at the receptor location, (ii) fluvially removilized tephra in Fortymile
Wash, and (iii) tephra deposited in the Yucca Mountain region and remobilized by
eolian processes.

4.0 EVALUATION AND COMMENT

IA.2.17 is relevant to understanding important aspects of IA Subissue 2, "Consequences of
Igneous Activity," (Reamer, 2001) and has been reviewed by staff in that context.  The staff
reviewed the information provided by DOE using review methods for the Airborne Transport of
Radionuclides section of the Yucca Mountain Review Plan (NRC, 2003).

Fine-grained particles can accumulate near the receptor location from remobilization processes
in the Fortymile Wash drainage system.  Following a potential volcanic eruption, a
submillimeter-to-meters thick deposit of tephra could be deposited on hillslopes around Yucca
Mountain that are part of the Fortymile Wash drainage basin.  If the eruption were to occur
through the potential repository at Yucca Mountain, waste particles could be attached to the
volcanic tephra and ejected.  Remobilization processes focus on the erosion and surface
transport of these tephra deposits in the drainage basin.  Remobilized tephra is expected to
follow a path similar to existing sediments (i.e., down the Fortymile Wash drainage system
during periods of episodic overland flow).  In the existing Fortymile Wash system, transported
sediments begin to accumulate approximately several kilometers north of the location of the
receptor. At this location, the main Fortymile Wash drainage changes from a steep-sided
incising channel to a broad, braided fan depositional system.  Existing sediment deposition
continues south into the Amargosa Desert and overlaps the general area of the receptor
location near the southern boundary of the Nevada Test Site (Bechtel SAIC
Company, LLC, 2003a).  Surface winds can entrain fine-grained particles contaminated by
radioactive waste from the remobilized deposits, which can then be inhaled by the nearby
receptor.  Simple mass-balance scoping calculations (Hill and Connor, 2000; Hooper, 2004)
indicate the accumulation rate of remobilized tephra may exceed the decay rate in airborne
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particle concentration from the original volcanic deposit at the receptor location.  Thus,
remobilization of potential tephra deposits may sustain airborne particle concentrations and
associated inhalation doses to the reasonably maximally exposed individual for longer periods
of time than indicated by simple decay relationships for original volcanic deposits (e.g., Bechtel
SAIC Company, LLC, 2003b,c,d; 2004). 

DOE uses field studies of tephra in drainages around the Lathrop Wells cone, surficial erosion
and deposition rates based on cesium (Cs-137) distributions, analog observations in other
volcanic settings, and general considerations of the sediment transport systems around Yucca
Mountain as the basis for the tephra redistribution model.  DOE has conducted redistribution
studies near Lathrop Wells to evaluate the fraction of tephra in the alluvial sediment as a
function of down-gradient transport distance from the initial tephra deposit (Bechtel SAIC
Company, LLC, 2003c,d; 2004).  These data indicate that the concentration of tephra in
sediments decreases to about 50 percent within 1 km [0.62 mi] from tephra deposits in a small
part of the drainage system on the east side of Lathrop Wells volcano.  A similar channel on the
west side of Lathrop Wells volcano has less than 40 percent tephra after 1 km [0.62 mi] of
transport from a small outcrop.  Based on these data, Bechtel SAIC Company, LLC (2003c,d;
2004) concludes tephra will dilute by 50 percent with uncontaminated sediment for each
kilometer of transport. 

These dilution analyses by DOE focus on trace amounts of tephra released into active
drainages around the 80,000-year-old Lathrop Wells cone, the last volcanic eruption in the
Yucca Mountain region.  The tephra-fall deposit from this volcano is almost completely removed
by erosion.  Traces of this deposit provide minimal insights on potential redistribution processes
likely to occur in the years to centuries following a possible volcanic eruption, when tephra may
cover large areas of the drainage basin.  Furthermore, the described Lathrop Wells drainage
system (Bechtel SAIC Company, LLC, 2003c,d; 2004) is not a part of the Fortymile Wash
drainage system, but is a separate basin with different characteristics of overland flow and
sediment transport.  One drainage transports material around the west side of the Lathrop
Wells cone and southward, ultimately into the Amargosa Desert.  The other drainage heads ~3
km [~1.9 mi] from a small tephra exposure and transports material around the eastern side of
the cone before trending southward into the Amargosa Desert.  It is not clear that DOE has
developed a scaling factor for the dilution rate to apply to the much larger drainage area of
Fortymile Wash, especially one that accounts for the rates of sediment deposition or removal at
or near the location of the proposed reasonably maximally exposed individual.

The DOE tephra redistribution model does not appear to relate current conditions in the
Fortymile Wash drainage system to expected conditions and processes following potential
deposition of a relatively extensive tephra-fall deposit.  The Fortymile Wash drainage system is
presently characterized by low sediment production and transport rates (e.g., DOE, 1993).  Its
watershed covers 815 km² [315 mi²] and includes the eastern slopes of Yucca Mountain. 
Although the Fortymile Wash depositional area is approximately 135 km² [52 mi²], most
sedimentation during the last 1,000 to 10,000 years has been restricted to an approximately 24-
km² [9-mi²] area extending south from near the southern boundary of the Nevada Test Site. 
Based on information from analog volcanoes, following a potential volcanic event at Yucca
Mountain, hillslope erosion rates on a potential tephra deposit would likely increase significantly
(e.g., Segerstrom, 1950).  Thus, remobilized tephra may constitute the bulk of the transported
sediment in the Fortymile Wash drainage system.  Present sediment transport conditions are
not analogous to accelerated posteruption conditions in the years to perhaps centuries following
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a potential volcanic event.  A model that accounts for these effects shows minor to negligible
amounts of tephra dilution would likely occur during remobilization in the first decades following
a potential eruption, with relatively large amounts of tephra being deposited in Fortymile Wash
at or near the receptor location (Hooper, 2004).  These model analyses indicate that
remobilized tephra deposits may sustain airborne particle concentrations (i.e., mass loads) at
the receptor location for longer periods of time than indicated by simple decay relationships for
the original volcanic deposits (Bechtel SAIC Company, LLC, 2003b,c,d; 2004).

To evaluate changes in the rate of decrease in airborne particle concentrations following a
potential volcanic eruption, Bechtel SAIC Company, LLC (2003b, 2004) selected analog areas
that lack a significant influx of redistributed tephra through time.  However, an influx of
redistributed tepha is expected at the receptor from Fortymile Wash.  Therefore, parameters
derived from measurements of particle concentrations in these analog areas do not appear to
evaluate uncertainties associated with potential tephra redistribution processes through time. 
To account for these uncertainties, Bechtel SAIC Company, LLC (2003b, 2004) increases the
minimum and mode in the parameter distribution for the amount of time after a potential
volcanic eruption for airborne particle concentrations to return to preeruption levels.  Although
this approach appears conservative when compared directly with the analog data, these data
are of limited use because the analog sites do not consider the effects of potential tephra
redistribution processes.  The large potential amounts of tephra and low ambient sediment flux
in the Fortymile Wash drainage system (Hooper, 2004) are not consistent with assertions in
Bechtel SAIC Company, LLC (2003b) that tephra would be well mixed with other sediment and
only affect airborne particle concentrations for a short amount of time.  Thus, parameters used
to derive the mass load decay function in Bechtel SAIC Company, LLC (2003b, 2004) have not
considered an appropriate range of uncertainty resulting from the potential effects of tephra
redistribution processes in Fortymile Wash. 

The concentration of cesium (Cs-137) with depth in the soil can be used to examine erosion
and deposition over a short time period (Cs-137 half-life is 30 yrs).  The basis for using Cs-137
measurements to estimate erosion rates has been documented in, for example, Wise (1980)
and Walling and Quine (1990).  DOE used Cs-137 soil profiles to estimate eolian deposit
erosion rates on the aggrading fan portions of the Lathrop Wells and Fortymile Wash drainage
systems.  The total Cs-137 fallout per unit area (i.e., reference inventory) for a site is derived by
sampling adjacent undisturbed and uneroded areas.  This concentration is then compared with
Cs-137 inventories from sampled locations at the study site (Walling and Quine, 1990).  In
Fortymile Wash, the typical depth profile of Cs-137 used for comparison to the fan samples is a
composite derived from reference samples taken from stable geomorphic surfaces that have
strongly varnished stone pavements.  The presence of varnished pavements is interpreted to
indicate that there has been neither erosion nor deposition on the surface for thousands of
years (Bechtel SAIC Company, LLC, 2003c,d; 2004).  However, current models of desert-
pavement formation (Wells, et al., 1985, 1995; McFadden, et al., 1987; Shepard, 1995)
conclude that deposition of windblown sediments, not water erosion or deflation, is the major
agent of desert-pavement evolution.  According to these models, the stone pavement remains
at the surface on an aggrading mantle of soil-modified dust.  The DOE model for Cs-137
accumulation beneath stone-pavement surfaces does not appear to account for the
accumulation of fine-grained particles through eolian processes.
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DOE analyses of Cs-137 concentrations in the samples from the Lathrop Wells and Fortymile
Wash alluvial fans are used to conclude that interstream divide areas have eroded about 1 to
2 cm [0.4 to 0.8 in] of the upper soil horizon over the past ~50 years (Bechtel SAIC Company,
LLC, 2003c, 2004).  Interstream divide areas have the least likelihood of having been
submerged during floods over the past 50 years.  Therefore, this soil erosion was attributed to
wind erosion, which equates to a surface erosion rate of approximately 0.02 to 0.04 cm/yr
[0.008 to 0.016 in/yr] (Bechtel SAIC Company, LLC, 2003c,d; 2004).  This rate is similar to the
value used in the biosphere model, where concentrations of resuspended particles and
estimates of airborne activity concentrations are calculated (Bechtel SAIC Company, LLC,
2003e,f,g).  However, Cs-137 studies of deflating interstream deposits have questionable
analogy to rates and processes affecting possible tephra redistribution in the years following a
potential eruption.  Previous studies by DOE (1993) for colluvial boulder deposits report an
average erosion rate on Yucca Mountain hillslopes of about 0.0002 cm/yr [8.0 × 10-5 in/yr], or
significantly lower than that proposed solely from eolian erosion.  Degradation rates of
varnished colluvial-boulder hillslope deposits in the Yucca Mountain area are summarized in
Coe, et al. (1997) and range from 0.00002 to 0.0028 cm/yr [8.0  × 10-6 to 1.1 × 10-3 in/yr]. 
Although alluvial sand and colluvial boulder deposits exhibit an anticipated variability in erosion
rates, there is uncertainty in extrapolating processes and rates acting over a short time period
(~50 years for Cs-137) to longer time periods.  Model analyses should address site-specific
processes, be transparent and traceable, and represent the range of physical conditions likely
to operate in the years or decades following deposition of a potential volcanic tephra-
fall deposit. 

5.0 SUMMARY

After a potential eruption, contaminated tephra could be deposited over hundreds to perhaps
thousands of square kilometers [tens to perhaps hundreds of square miles].  Through time,
some of this tephra can be eroded and transported by water and wind, with later deposition at
or near the location of the reasonably maximally exposed individual (or receptor).  An influx of
remobilized tephra could affect the airborne particle concentrations at the receptor location,
depending on the rate of remobilization and dilution with existing sediments.  Remobilization
and redistribution processes are not well understood, and supporting data are sparse. 
Nevertheless, inhalation of resuspended volcanic ash or tephra dominates the total dose for the
igneous scenario.  Airborne mass load for the years following a potential volcanic eruption is a
high sensitivity parameter in total-system performance assessment calculations (Mohanty,
et al., 2004) and uncertainties in this parameter strongly affect calculations of expected
annual dose.

DOE has provided a limited technical basis to characterize processes of fluvial and eolian
remobilization of potential tephra deposits (Ziegler, 2004).  However, these calculations would
be transparent, if accompanied by additional model development and sensitivity analyses to
support conclusions reached by DOE for tephra remobilization processes following potential
volcanic eruptions.  Based on staff review of available information, DOE should reevaluate
assertions that the amount of remobilized tephra would be small, mixed with ambient sediment,
and not significantly affect airborne particle concentrations for the receptor (Bechtel SAIC
Company, LLC, 2003b,c; 2004).  Independent staff analyses (Hill and Connor, 2000; Hooper,
2004) indicate the accumulation rate of remobilized tephra likely exceeds the decay rate in
airborne particle concentration from the original volcanic deposit at the dose receptor location. 
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Thus, the DOE model analyses may underestimate risk as remobilized tephra deposits may
sustain airborne mass loads and associated inhalation doses for longer periods of time than
indicated by simple decay relationships for original volcanic deposits (e.g., Bechtel SAIC
Company, LLC, 2003b,c,d; 2004). 

DOE analyses of tephra dilution rates, including depositional and erosional patterns in the
alluvial fans of the Fortymile Wash and Lathrop Wells drainage basins (Bechtel SAIC Company,
LLC, 2003c,d; 2004), have questionable analogy to processes affecting potential tephra
redistribution.  The DOE has not yet provided information that shows a transparent
methodology relating geomorphic processes and rates observed recently in Fortymile Wash to
processes and rates likely to occur if appreciable amounts of easily redistributed volcanic
tephra are deposited in this drainage system.  Model analyses should consider appropriate
uncertainties in data and address site-specific processes.

6.0 STATUS OF THE AGREEMENT

Based on the aforementioned review, DOE has not provided information that satisfies the intent
of IA.2.17.  Therefore, staff considers the status of this agreement as need additional
information. NRC will review any relevant information submitted, as part of its review of a
license application with regard to tephra remobilazation. 
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