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Introduction
• Violent strombolian activity 

is the most likely and 
potentially disruptive 
magmatism at the potential 
high-level waste repository 
at Yucca Mountain, 
Nevada.

• Potential deposition of 
radionuclides:  
– Direct sedimentation from 

the eruption plume
– Subsequent redistribution 

of contaminated tephra by 
water and wind.
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Approach
• The computer code TEPHRA has been 

developed to calculate potential atmospheric 
transport and subsequent deposition of 
tephra and spent nuclear fuel.

• TEPHRA has been developed in 
collaboration with the University of South 
Florida (C. Connor, Department of Geology).
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Approach (cont’d)
• A sediment budget approach is used to 

model the long-term fluvial redistribution of 
tephra in Fortymile Wash at Yucca Mountain.

• Yucca Mountain serves as the case study for 
volcanological investigations of tephra 
dispersal and redistribution.
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Modeling Aerial Transport of 
Volcanic Ash with the TEPHRA Code

• Transport code follows 
the Suzuki (1983) 
model.

• Uses Real Wind Data to 
Simulate Complex 
Transport Processes
– Actual daily 

measurements used 
for realizations.

– Stratified wind field 
using ten 1-km 
height bins.

Stochastically sampled parameters
are shown in italics
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Volcanic Plume Transport  Modeling
• Three-dimensional initial 

deposit (variable thickness 
over a two-dimensional 
grid).

• Measures tephra 
deposition in fluvial and 
eolian source regions.

• Look-up table for use in 
redistribution calculations 
and Performance 
Assessment  generated 
from 1,024 realizations.
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Eruption Parameters

0.13,7940.0010.071,0009.83 × 1010999

0.13,7990.0010.071,0005.24 × 1010705

0.12,0290.0010.071,0002.58 × 1010407

0.14,1420.0010.071,0001.12 × 1010252

Incorpo-
ration 
Ratio

Eruption 
Column 
Height 

(m)

Mean Fuel 
Particle 

Diameter†

(cm)

Mean 
Tephra 
Particle 

Diameter*

(cm)

Amount 
of Fuel 
Erupted 

(kg)

Amount of 
Tephra 

Erupted (kg)

Eruption 
Number

*Tephra particle diameter range:  0.01 to 1 cm
†Fuel particle diameter range:  0.0001 to 0.01 cm
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Shaded Relief with Overlay of Tephra 
Distribution From Eruption #252
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Shaded Relief with Overlay of Tephra 
Distribution From Eruption #407
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Shaded Relief with Overlay of Tephra 
Distribution From Eruption #705
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Shaded Relief with Overlay of Tephra 
Distribution From Eruption #999
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Surface Processes and Tephra 
Redistribution

• A potential volcanic event 
within the repository footprint 
could deposit tephra on 
hillslopes around Yucca 
Mountain.

• Subsequent fluvial surface 
processes could remobilize 
contaminated tephra-fall 
deposits.

• Fortymile Wash exhibits 
episodic (ephemeral) stream 
flow with an active 
depositional basin of 24 km2

(red triangle).
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Tephra Redistribution
• Emplacement of tephra-

fall deposits can disrupt 
sediment and water 
routing in watersheds.

• Easily eroded sediment 
derived from these 
deposits, coupled with 
vegetation loss, can 
trigger accelerated 
erosion.

• Influx of tephra may 
change flow dynamics.

Parícutin (Mexico) in February 1957 
(5 years from end of eruption)

{from Segerstrom (1960)}
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Modeling the Long-Term Fluvial 
Redistribution of Tephra

• Conceptual model:  Simplified mass-balance approach 
uses a sediment budget to evaluate tephra 
remobilization following small-volume eruptions. 

Lathrop Wells scoria cone, Nevada

• The sediment budget of a 
drainage basin is a 
quantitative relationship that 
links sediment sources, 
transport processes, storage 
and remobilization, and 
discharge from the basin.



15

Analog Sites for Model Development

• Analog scoria cones 
– Sunset Crater, Arizona 

(~1100 A.D.)
– Parícutin volcano, Mexico 

(1943-1952)
– Cerro Negro volcano, 

Nicaragua (1995)
– Lathrop Wells, Nevada 

(80,000 yrs old)

• The extent and character 
of erosion is a complex 
function of site-specific 
processes and 
characteristics.

Sunset Crater scoria cone, Arizona
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Sediment Budget and Conceptual Model
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Pre-Eruption Sediment Yield

• Active depositional fan 
area:  24±2 km2 (from 
Landsat TM image).

• Active deposit thickness:
1-2 m (direct observation).

• Sediment age: 4,000–
10,000 yrs 
(derived from data in 
Peterson, et al., 1995).
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Pre-Eruption Sediment Yield (cont’d)

• Uncertainties propagated 
using uniform distributions.

• Sedimentation rate to 
depositional basin:  
8.9 × 106 ± 3.0 × 106 kg/yr.

• Pre-eruption (“ambient”) 
sediment yield:
6.8 ± 2.3 m3/km2 yr.

Fortymile Wash depositional fan 
at U.S. Highway 95 crossing
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Post-Eruption Sediment Yield
• Large uncertainties exist in quantifying the 

erosion of a basaltic tephra deposit in a dryland 
environment because there is a lack of pertinent 
data.

• Using a diffusion-based model for erosion of 
basaltic tephra at Yucca Mountain, accelerated 
erosion elevates the sediment yield to 4.6 times 
the pre-eruption yield after 500 years.
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Post-Eruption Sediment Yield (cont’d)
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Mass of Tephra in the Fortymile 
Wash Depositional Fan Versus Time



24

Application of Model to Analog Deposits

• Used a simplified model for 
change in sediment yield 
through time (recovery curve) 
and a 50% tephra dilution rate.

• Parícutin:  8.5% of deposit has 
eroded since 1943.

• Sunset Crater:  9.5% of deposit 
has eroded in past 900 years.

• Lathrop Wells:  100% of 
deposit eroded after 29,000 
years.

• Reasonable variation between 
sites (analogs).
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Summary and Conclusions
• Following a possible volcanic eruption in the 

potential repository at Yucca Mountain, tephra and 
high-level waste may be ejected and dispersed to 
the accessible environment according to such 
factors as the height of the eruption column, 
particle-size distribution, and structure of the winds 
aloft.

• TEPHRA allows the user to calculate expected 
tephra and high-level waste accumulation as areal 
mass density (variable thickness over a two-
dimensional grid) by sedimentation out of the 
eruption plume.
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Summary and Conclusions (cont’d)
• Using mean values for sediment yield and mass of 

erupted tephra:
– Approximately 98 percent of the tephra deposit remains in the 

catchment basin 100 years after an eruption
– An average of 4,100 years of erosion and transportation is 

required to deplete tephra deposit from catchment basin
– Ratio of eroded tephra to total sediment transported to 

depositional basin (dilution) ranges between 0.4 and 0.5.

• The post-eruption sediment yield affects the time period 
that fluvial redistribution could contribute contaminated 
airborne particulates for inhalation dose calculations.

• Potential tephra deposits within Fortymile Wash are not 
rapidly diluted within a few hundred years of deposition.

• Erosion of deposits cannot be explained by a simple 
decay relationship.
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