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This letter transmits a report entitled Range of Tephra Volumes, which satisfies the subject KTI 
agreement. The agreement statement is as follows: 

IA 2.03 - "Document how tephra volumes from analog volcanos represent the 
likely range of tephra volumes from Yucca Mountain Region (YMR) volcanos.  

DOE agreed and will document the basis for determining the range of tephra 
volumes that is likely from possible future volcanoes in the YMR in the Eruptive 
Processes AMR (ANL-MGR-GS-000002). This will be available to the NRC in 
FY 2002." 

For the Total System Performance Assessment - Site Recommendation (TSPA-SR), the 
U.S. Department of Energy (DOE) used information, described in the enclosure to this letter, as 
the basis to calculate tephra volumes. The enclosure is based on information on page 34 of 
Reference 1, and the use of the information in the ASHPLUME code, as described in 
Section 6.1.2.1.1 of Reference 2. Both of these references were transmitted to the U.S. Nuclear 
Regulatory Commission (NRC) by the referenced letter (Reference 4). The information 
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in Reference 1 provides a conservative basis to represent the range of tephra volumes likely from 
possible future volcanoes in the Yucca Mountain Region. First, the information in Reference I 
is the total erupted volume for volcanoes in the Yucca Mountain Region. Since the volume of 
tephra cannot exceed the total erupted volume, use of the total volume provides a conservative 
upper bound on tephra volumes from basaltic volcanoes in the Yucca Mountain Region.  

Second, the upper end of the range described in Reference 2 was based on information from 
basaltic volcanoes throughout the world. Many of these volcanoes are significantly larger than 
volcanoes in the Yucca Mountain Region. Hence, inclusion of volume data from basaltic 
volcanoes throughout the world is conservative. Finally, the sampling scheme in the 
ASHPLUME code considered the range of volumes as a log uniform distribution, which means 
that any value in the range had an equally likely chance of being sampled.  

Section 5.2.9.5 of the TSPA-SR report (Reference 3) describes the results of a study of dose 
sensitivity to uncertainties in the volume of material erupted. The study used the 5th and 9 5 th 
percentile values for the volumes, which correspond to values of 0.0026 km3 and 0.336 kin 3, 
respectively. The results described in the TSPA-SR report indicate that the mean annual eruptive 
dose rate is insensitive to the range of values selected in the analysis for erupted volume.  

While the agreement for IA 2.03 indicated that this information would be provided in an 
Analysis and Model Report, the information has been included in the enclosed report as 
discussed at the April 15-16, 2002, NRC/DOE Technical Exchange and Management Meeting on 
KTIs.  

The DOE believes the information in the enclosure, Reference 1, Reference 2, and the sensitivity 
analysis referenced above, provides a basis for completion of IA 2.03.  

This letter makes no new regulatory commitments. If you have any questions about this letter 
and its enclosure, please contact Timothy C. Gunter at (702) 794-1343 or Eric T. Smistad at 
(702) 794-5073.  

Joseph D. Ziegler 
Acting Assistant Manager 

OL&RC:TCG-1325 Office of Licensing and Regulatory Compliance 
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ACRONYMS AND ABBREVIATIONS 
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DOE U.S. Department of Energy 

KTI key technical issue 
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Range of Tephra Volumes

This report describes the basis to resolve and close an agreement item (IA 2.03) associated with 

the consequences subissue of the igneous activity key technical issue (KTI). The item in 

question is the U.S. Department of Energy (DOE)-U.S. Nuclear Regulatory Commission (NRC) 

agreement that DOE document the basis for determining the range of tephra volumes that is 

likely from possible future volcanoes in the Yucca Mountain Region in the eruptive processes 

analysis/model report (AMR) (ANL-MGR-GS-000002) (Crump 2001 [DIRS 156332]).  

The mass/volume of ash that is erupted from a volcanic event must be defined. The 

mathematical model (implemented within ASHPLUME v1.4LV) uses the volume of erupted ash 

as an input parameter (CRWMS M&O 2000 [DIRS 151560], Section 6.1.2.1.1) to estimate the 

height of the ash column.  

1. BACKGROUND 

DOE originally agreed to document the basis for determining the range of tephra volumes that is 

likely from possible future volcanoes in the Yucca Mountain Region in the Total System 

Performance Assessment (TSPA)-Site Recommendation (SR), Revision 1 (Reamer and Williams 

2000 [DIRS 154597]). Plans to develop Revision 1 were cancelled, and the agreement was 

revised during the NRC/DOE Technical Exchange and Management Meeting on Igneous 

Activity, June 21-22, 2001 (Crump 2001 [DIRS 156332]). Under the revised agreement, DOE 

would provide the information in a revision to the AMR, Characterize Eruptive Processes at 

Yucca Mountain, Nevada [ANL-MGR-GS-000002].  

DOE provided information about tephra volumes for volcanoes in the Yucca Mountain Region in 

the AMR, Characterize Framework for Igneous Activity at Yucca Mountain, Nevada (CRWMS 

M&O 2000 [DIRS 151551], page 34), and described the use of the information in ASHPLUME 
in the AMR, Igneous Consequence Modeling for the TSPA-SR [ANL-WIS-MD-000017] 
(CRWMS M&O 2000 [DIRS 151560], Section 6.1.2.1.1). DOE considers that the information 

in these AMRs is adequate to resolve and close the agreement item.  

1.1 NRC INITIAL COMMENTS 

The NRC recognized the importance of tephra volume information as input to the ASHPLUME 
code and requested that DOE provide the inputs that were used in TSPA-SR. The NRC defined 

the range of eruptive volumes as 0.004 - 0.44 km 3 (Reamer 1999 [DIRS 119693], page 129).  

1.2 DOE INITIAL COMMENTS 

The AMR, Igneous Consequence Modeling for the TSPA-SR [ANL-WIS-MD-000017] (CRWMS 

M&O 2000 [DIRS 151560], Section 6.1.2.1.1), defined the range of eruptive volumes as 0.002 to 

0.44 km3. Hence, the DOE range is greater than the range of volumes of analog volcanoes 
studied in the Yucca Mountain Region (CRWMS M&O 2000 [DIRS 151551], p. 34). DOE 

intends to document the range of tephra volumes and the basis for the range used to support
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TSPA-License Application (LA) in an update of the AMR, Characterize Eruptive Processes at 

Yucca Mountain. Nevada [ANL-MGR--GS-000002].  

1.3 STATEMENT OF DIFFERENCES 

For TSPA-SR, DOE used a range of tephra volumes that included the NRC range. The range is 

greater than the range of volumes of analog volcanoes studied in the Yucca Mountain Region.  

DOE intends to document the range of tephra volumes and the basis for the range used to support 

TSPA-License Application (LA) in an update of the AMR, Characterize Eruptive Processes at 

Yucca Mountain, Nevada [ANL-MGR-GS-000002].  

1.4 DEFINITION OF TECHNICAL TERMS 

aa-A type of lava consisting of a rough surface of sharp, angular scoria (see below).  

ASHPLUME vl.4LV-The computer code, selected from several such codes used, that the 

project has decided to use to simulate potential volcanic events at a repository at Yucca 

Mountain. The other codes are identified, and the basis for selection of the ASHPLUME code is 

described in the AMR, Igneous Consequence Modeling for the TSPA-SR [ANL-WIS-MD

000017] (CRWMS M&O 2000 [DIRS 151560], Sections 6.1 and 6.4, respectively).  

Basalt-A dark-colored, hard, dense, fine-grained volcanic rock.  

Miocene-A period of time between about 5 million and 23 million years before the present.  

Pliocene-A period of time between about 1.6 million and 5 million years before the present.  

Scoria-An irregular, rough, jagged fragment of lava that was ejected during an explosive 

eruption or was formed by the breaking up of the frst-cooled crust of a lava flow.  

Tephra-A collective term for all of the volcanic materials, which during an eruption, were 

ejected from a crater or from some other type of vent and transported through the air. Typically 

the term includes volcanic dust, ash, cinders, and blocks of material of varying sizes and shapes.  

2. APPLICABLE NUCLEAR SAFETY STANDARDS/REQUIREMENTS/GUIDANCE 

2.1 APPLICABLE REQUIREMENTS 

The Yucca Mountain disposal regulations include a requirement to provide the technical basis 

for models used in the performance assessment (10 CFR 63.114(g)). The mathematical model 

(implemented within ASHPLUME vl.4LV) uses the volume of erupted ash as an input 

parameter (CRWMS M&O 2000 [DIRS 151560], Section 6.1.2.1.1. Agreement IA 2.03, 

repeated below, while not a regulatory requirement, requests DOE to provide the basis for the 

volume of erupted ash used as input for the ASHPLUME code.
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2.2 KTI AGREEMENT

The following KTI agreement statement is based on the Summary Highlights of the NRC/DOE 

Technical Exchange and Management Meeting on Igneous Activity that occurred on 

August 29-31, 2000 (Reamer and Williams 2000 [DIRS 154597]) as modified in the Summary 

Highlights of the NRC/DOE Technical Exchange and Management Meeting on Igneous Activity 

that occurred on June 21-22, 2001 (Crump 2001 [DIRS 156332]).  

Document how the tephra volumes from analog volcanos represent the likely 

range of tephra volumes from Yucca Mountain Region (YMR) volcanos. (Eruptive 

AC-1) 

DOE agreed and will document the basis for determining the range of tephra 

volumes that is likely from possible future volcanoes in the YMR in the Eruptive 

Processes AMR (ANL-MGR-GS-000002). This will be available to the NRC in 
FY2002.  

2.3 STATUS OF AGREEMENT(S) 

DOE provided information about tephra volumes for volcanoes in the Yucca Mountain Region in 

the AMR, Characterize Framework for Igneous Activity at Yucca Mountain, Nevada (ANL

MGR-GS-000001, CRWMS M&O 2000 [DIRS 151551], page 34), and described the use of the 

information in ASHPLUME in the AMR, Igneous Consequence Modeling for the TSPA-SR 

[ANL-WIS-MD-000017], (CRWMS M&O 2000, [DIRS 151560] Section 6.1.2.1.1). DOE 

considers that the information in these AMRs is adequate to resolve and close the agreement 

item. DOE expects to document the range of tephra volumes used to support TSPA-LA 

calculations in an update to the AMP, Characterize Eruptive Processes at Yucca Mountain, 

Nevada [ANL-MGR-GS-000002] because the documentation would be more appropriate for this 
AMR.  

3. BASIS FOR REGULATORY COMPLIANCE STATEMENT 

3.1 BACKGROUND 

As described in the AMR, Characterize Framework for Igneous Activity at Yucca Mountain, 

Nevada (CRWMS M&O 2000 [DIRS 151551], page 34), seven' Quaternary volcanoes occur to 

the south, west, and northwest of Yucca Mountain in a roughly linear zone defined as the Crater 

Flat Volcanic Zone. Five of the 7 volcanoes are in or near Crater Flat and are located within 20 

kilometers of the Yucca Mountain site. The total eruption volume of the post-Miocene basalts is 

about 6 km3. The volume of individual episodes has decreased progressively through time, with 

the three Pliocene episodes having volumes of approximately I to 3 km 3 each and the three 

Quaternary episodes having a total volume of only about 0.5 km3. All of the Quaternary 

volcanoes are similar because they are of small volume (typically about 0.1 km3 or less) and 

1 Little Cones is counted as a single volcano, but it could be counted as two volcanoes, which would change the 

count to eight volcanoes in the Crater Flat Volcanic Zone.  

Range of Tephra Volumes 3 07/29/2002



typically consist -of a single main scoria cone surrounded by a small field of aa basalt flows, 

which commonly extend about a kilometer from the scoria cone. Estimated volumes and ages of 

Quaternary volcanoes in the Yucca Mountain are described in Table 4 of the AMR, Characterize 

Framework for Igneous Activity at Yucca Mountain, Nevada (CRWMS M&O 2000 [DIRS 

151551 ]). Table 4 and associated notes are reproduced below.  

Estimated Volume and 4AR/"Ar Agea of Quaternary Volcanoes in the YMR 

Volcano Volume (km 3)b Volume-(km3 )c Age (m.y.)e 

MakaniCone 0.006 - 1.16-1.17 

Black Cone 0.105 0.07 0.94-1.10 

Red Cone 0.105 - 0.92-1.08 

Little Cones 0.002 >0.01d 0.77-1.02 

Hidden Cone 0.03 -- 0.32 -0.56 

Little Black Peak 0.03 -- 0.36 - 0.39 

Lathrop Wells Cone 0.14 -- 0.074 - 0.084 

Notes 
Reproduced from Table 4 of ANL-MGR-GS-000001, Rev 00, ICN 01.  

DTNs: LA0004FP831811.002; LAFP831811AQ97.001 (both used for reference only) 

a40Ar/39Ar dates provide the most complete and self-consistent chronology data set for Quatemary 

volcanoes of the YMR. A full discussion of other chronology methods used to date basaltic rocks in the 
YMR can be found in the Volcanism Synthesis Report (CRWMS M&O 1998, Chapter 2 [DIRS 123196].  
Other chronology methods may not provide consistent or accurate estimates of the time of eruption.  

bCRWMS M&O 1998, Chapter 3, Table 3.1 [DIRS 135988].  
cStamatakos et al 1997, p. 327 [DIRS 138819].  
dAccounts for volume of buried flows detected by ground magnetic surveys.  
eRange of ages from the Volcanism Synthesis Report (CRWMS M&O 1998, Chapter 2 [DIRS 123196], 

Table 2.B). Lathrop Wells ages (Heizler et al. 1999, Table 3 [DIRS 107255]) represent the range of plateau 
ages measured, except for sample LW157, a statistical outlier (DTN:LAFP83181 1AQ97.001).  

3.2 SAFETY/TECHNICAL BASIS FOR THE COMPLIANCE DEMONSTRATION 

The mathematical model (implemented within ASHPLUME v1.4LV) uses the volume of erupted 
ash as an input parameter to calculate the height of the eruption column. For TSPA-SR, the 
range for the erupted volume was provided in the AMR, Igneous Consequence Modeling for the 

TSPA-SR (CRWMS M&O 2000 [DIRS 151560], Section 6.1.2.1.1) as a log-uniform distribution 
ranging from 0.002 to 0.44 km 3. This definition assured that the ranges of eruptive-volume for 

both the NRC and the DOE models were incorporated into the ASHPLUME vi.4LV calculation.  
For the TSPA-LA, DOE intends to use the range of eruptive volumes based on analog volcanoes 
from the Yucca Mountain Region (YMR). DOE expects the range based on YMR analogs to be 
less than the range used for TSPA-SR, which included analogs from throughout the world. DOE 
will document the total erupted volume and then derive the explosive fraction. DOE considers 

that the range of volumes based on YMR analogs will improve the technical basis for this 
ASHPLUME input parameter.
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DOE documented the results of a study that examined the sensitivity of mean annual eruptive 

dose rate to volume of material erupted in the Total System Performance Assessment for Site 

Recommendation (TSPA-SR) (CRWMS M&O 2000; DIRS 153246, Section 5.2.9.5). In 

ASHPLUME version 1.4LV, the total volume of erupted material is used as the independent 

variable that defines the energy of eruption. The duration of eruption and the height of the 

erupted column are derived parameters that are calculated within each realization based on the 

sampled value for erupted volume.  

The sensitivity study used the 5 th and 9 5 th percentile value for the volume of material erupted, 

which correspond to erupted volumes of 0.0026 km3 and 0.336 km3, respectively. These erupted 

volumes correspond to calculated column heights of 2 and 5 km above the ground surface. The 

results of the analysis show that the total annual igneous dose rate is insensitive to the range of 

values selected for erupted volume in the analysis, and is therefore insensitive to uncertainty 

regarding the energy of the eruptive event and height of the eruptive column.  

DOE considers that the information in the AMR, Characterize Framework for Igneous Activity 

at Yucca Mountain, Nevada (CRWMS M&O 2000 [DIRS 151551]), the AMR, Igneous 

Consequence Modeling for the TSPA-SR (CRWMS M&O 2000 [DIRS 151560]), and the 

sensitivity analysis documented in the TSPA-SR (CRWMS M&O; DIRS 153246) is adequate to 

resolve and close the agreement item. The information in the AMR, Characterize Framework for 

Igneous Activity at Yucca Mountain, Nevada (CRWMS M&O 2000 [DIRS 151551]) provides 

the range of tephra volumes for analog Quaternary basaltic volcanoes in the Yucca Mountain 

Region, and the description in the AMR, Igneous Consequence Modeling for the TSPA-SR 

(CRWMS M&O 2000 [DIRS 151560]) provides the basis for the range of volumes used in 

TSPA-SR. The sensitivity information in the TSPA-SR (CRWMS M&O 2000; DIRS 153246, 

Section 5.2.9.5) on erupted volumes indicates that dose is not sensitive to the range of erupted 

volumes used in the analysis. DOE intends to document the range of tephra volumes and the 

basis for that range used to support TSPA-LA calculations in an update to the AMR, 

Characterize Eruptive Processes at Yucca Mountain, Nevada [ANL-MGR-GS-000002].  
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