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HLWYM PEmails

From: Brittain Hill [bhill@cnwra.swri.edu]
Sent: Thursday, March 17, 2005 1:31 PM
To: Osvaldo Pensado
Cc: TSPAI-KTI; John Stamatkos; Donald Hooper; Abou-Bakr Ibrahim; Leslie, Bret; Galvin, 

Dennis; John Trapp; Justus, Philip; Sitakanta Mohanty
Subject: Re: FW: Information download from Center tech staff to PEM and MOSPstaff
Attachments: JXR_IA_Modified_briefing_update.wpd

For our discussion this afternoon on IA probability, I've updated an NRC management briefing that Jim 
Rubenstone, John Trapp and I put together about a year ago. The Appendices go into a greater level of detail 
than we'll discuss today, but are useful background info for interested staff. 
 
Britt 
 
Osvaldo Pensado wrote: 
 
> We are going to have a meeting from 1:30 to 2:30 in room A137, today  
> Thursday. 
> 
> There will be few NRC fellows to listen about probability greater than  
> 10-8 events. 
> 
> We will keep the meeting focused, and promise not to go beyond 1 hour. 
> 
> Osvaldo 
> 
> -----Original Message----- 
> From: Bret Leslie [mailto:BWL@nrc.gov] 
> Sent: Friday, March 11, 2005 7:54 AM 
> To: Abou-Bakr Ibrahim; Bret Leslie; Dennis Galvin; John Trapp; Philip  
> Justus 
> Cc: Sitakanta Mohanty; Andy Campbell 
> Subject: Information download from Center tech staff to PEM and  
> MOSPstaff 
> 
> Item Type:  Appointment 
> Start Date:  Thursday, 17 Mar 2005  02:30 pm EST  (17-03-05,14:30  
> -0500) 
> Duration:  1 Hour, 30 Mins 
> Place:  T2C2 
> 
> NRC folks. This is a heads up. Because the probability activities for  
> igneous, seismic, and criticality for postclosure fall under the  
> Program element Methodology and Overall System Performance (MOSP) (the  
> old TSPAI group), we  PA types wanted to get a handle on the technical  
> activities that are ongoing in probability for IA/Seis/Crit. Sitakanta  
> is working with Britt, Stamatakos, and Oleg to have them provide us  
> the information during the meeting. Sitakanta will get back to us with  
> an agenda and where Center will meet. Your presence is not required at  
> the meeting and you need not prepare anything for the meeting. We want  
> to keep the meeting focused and don't intend to invite everyone on  
> TSPAI2-probability team as we (Me and MOSP at Center)  just want to get an initial information download. 
> thanks, 
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> Bret 
 
-- 
Dr. Brittain E. Hill, P.G.             bhill@swri.org 
Senior Research Scientist                www.swri.org 
CNWRA-Southwest Research Institute  Ph:(210) 522-6087 
6220 Culebra Rd.                    FAX: 210-522-5155 
San Antonio, TX, USA 78238-5166      In Magma Veritas 
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OBJECTIVE: UPDATE ON PROBABILITY OF IGNEOUS ACTIVITY IN YUCCA MOUNTAIN LICENSE
APPLICATION.  MODIFIED FROM BRIEFING TO M. FEDERLINE, JANUARY 2004 

DOE probability model is presented in Technical Basis Document 13 (November 2003)
and is not expected to change in its License Application. 

! DOE’s probability model is based on the conceptual model developed from its 1996 PVHA
expert elicitation.  
• DOE does not believe that new knowledge acquired since then affects its conceptual

model. NRC staff sees several aspects that may change model.  [see attachment #1] 
• DOE maintains that none of the published alternative models are credible.  
• DOE performed a “sensitivity analysis” that changed some parameter values (number of

unexposed basalt bodies), but did not change the conceptual model or all relevant
parameters.  This gives an insignificant increase in DOE calculated mean probability.  

! DOE “licensing” probability value remains similar to that determined in 1996.  
• Mean annual probability of event intersecting repository is 1.7 x 10-8 (range 10-7-10-10).  
• Mean annual probability of volcanic conduit erupting within repository is 1.3 x 10-8.  

NRC analysis shows that present knowledge supports alternative conceptual models. 
! Alternative conceptual models developed by NRC/CNWRA and UNLV, published in peer-

reviewed literature, include uncertainties not considered in DOE PVHA model and give
higher annual probabilities. 

! NRC/CNWRA model includes: 
• more complete definition of the Yucca Mountain volcanic field and volcanic source zone,

including spatial and temporal patterns. 
• more realistic model of structural domains based on regional and local geophysics. 
• more detailed analysis of the effect of unexposed volcanic bodies. 
• NRC/CNWRA model annual probability is 1 x 10-7 (range of 10-6-10-8). 

! UNLV model published in a series of papers beginning in 1991. 
• Model includes non-homogenous spatial and temporal patterns of exposed basalt.  
• Update of model expected to be published during the coming year.  
• UNLV model gives annual probability of 10-6.  

! DOE probability analysis may not satisfy the acceptance criteria of Yucca Mountain Review
Plan for identification of events significant for post-closure repository performance.  [see
attachment #2]

DOE has formally agreed on a continuing program to reduce uncertainties.
! DOE will fly a low-altitude aeromagnetic/electromagnetic survey (July, 2004), drill selected

anomalies (>April,2005), analyze and date basalt encountered, and update PVHA . 
• This program has been repeatedly suggested to DOE by NRC since 2001, and further

stressed by DOE’s Igneous Consequences Peer Review Panel (April 2003) and NWTRB
(December 2003).

• This program began in July 2004 and be completed in middle of 2006.  
• Raw survey data may be included in LA; survey interpretation and first lab results should

be available beginning mid–late 2005.  
• This program will likely narrow the range of conceptual models and reduce uncertainties. 

• DOE considers this program to be confirmatory to existing analysis.
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Risk from eruptive event depends on the consequences function as well as the event
probability.

! Compliance with standard depends on analysis of consequences of eruptive event.
• Although most aspects are complete, some significant uncertainties remain in

consequence analysis.  [see attachment #4]
• DOE consequence analysis is missing two critical components, due March 2004 and

August 2004.  
• EPRI has issued a preliminary report on specific aspects (December 2003); updated and

expanded report due Spring 2004.  
• NRC consequence analysis is currently in progress; update briefing in mid-March 2004. 

! Performance assessment shows that probability of igneous activity has high significance for
waste isolation (ref:  Risk Insights Baseline Report, 2003).  [see attachment #3]

Path forward
! NRC response letter for IA 1.02 (technical basis for analysis of undetected volcanic events)

considers the Issue not closed; information requested by NRC in December 2002 has not
yet been provided.  Letter sent November 2004.  

! NRC consequence analysis should be substantially complete by mid-2004; update briefing
in mid-March. 

! Given the expected content for Igneous Activity in License Application:  
• LA can be accepted for review (docketed).  
• Technical review of Igneous Activity in LA:  

- will begin based on information included in LA (frozen as of April, 2005 per DOE); 
- RAIs will be issued as appropriate, particularly for survey/drilling/dating/PVHA

update information, consistent with Agreement IA.1.02.AIN. Early–mid 2006? 
- SER prepared based on available information in LA and RAI response.
- SER will be updated if new information is submitted by DOE after LA, i.e., PVHA

update completed after mid–2006. 
• DOE’s response to RAIs may adversely impact timetable for SER completion.
• Possible license conditions may be included based on staff review.  

! Significance of probability in SER depends on outcome of complete consequence analysis.  



3

ATTACHMENT #1:  EFFECTS OF NEW INFORMATION ON MODELS OF IGNEOUS ACTIVITY AT
YUCCA MOUNTAIN

Summary of DOE’s Technical Basis for Probability of Igneous Activity

During 1995-96, DOE sponsored an expert elicitation to construct a probability model for
igneous activity at Yucca Mountain (Probabilistic Volcanic Hazard Analysis, PVHA).  Ten
experts developed models for the probability of the intersection of a basaltic intrusion (dike) with
the proposed repository.  These individual models were composited by the elicitors into a single
combined probability model.  DOE staff and contractors have subsequently used this probability
of an intrusive event to estimate the probability of an eruptive event passing through the
repository.  Although DOE has adjusted some parameter values in its later evaluations of
uncertainty, it has resisted changing its underlying conceptual model despite significant
increases in understanding of the Yucca Mountain geologic system.  

New Information and Understanding Since 1995-96

The new knowledge is not limited solely to igneous features, events, and processes, but
also covers many aspects of the local and regional geologic setting and evolution, such as new
interpretations of regional geophysical data, improved detailed fault maps, and more complete
regional strain analysis.  In addition, the staff anticipates that significant information could come
from DOE’s planned program of a detailed geophysical survey, drilling of anomalies, and
analysis and dating of basalt encountered.  The recent and expected information may produce
models that differ from those constructed by the PVHA panel in 1995-96.  Specifically, the new
information falls into two categories:  

(1)  Improved knowledge of the tectonic and petrologic setting of Yucca Mountain, and of the
spatial distribution of basalt.  In conceptual models, this could affect: 

! definitions of the extent of the Yucca Mountain volcanic field. 
! definition of the “volcanic source zone” relative to the “background zone” within the Yucca

Mountain volcanic field. 
! likelihood of repository disruption by a volcanic event originating away from the repository.

(2)  Improved knowledge of the temporal distribution of basalt.  In conceptual models, this could
affect:  

! definitions of volcanic gaps or temporal clusters of activity.  
! definition of the time period of past volcanism to be considered in predictive models.  
! assumptions regarding uniform recurrence rates compared to waxing or waning activity.  

Although it is difficult to predict the specific results of a new expert elicitation, one expert
from the original elicitation has stated at a public meeting that his current conceptual model of
igneous activity at Yucca Mountain is significantly different from that developed in the original
elicitation, and that his view of the potential for future igneous activity is changed (Michael
Sheridan, stated during DOE-NRC Technical Exchange, July 1, 2003).  
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ATTACHMENT #2:  PRELIMINARY EVALUATION OF PROBABILITY OF IGNEOUS ACTIVITY USING
THE YUCCA MOUNTAIN REVIEW PLAN ACCEPTANCE CRITERIA

Section 2.2.1.2.2:  Identification of Events with Probabilities Greater than 10!8 per year

The Yucca Mountain Review Plan gives five specific criteria to be used to review the
characterization of events relevant to post-closure repository performance, under 10 CFR
63.113, and 10 CFR 63.21(c)(1) and (9):  

Acceptance Criterion 1 Events are Adequately Defined

! The 1996 PVHA had inconsistent event definitions, such that individual vents, vent clusters,
vent alignments, and subsurface intrusions are used interchangeably in different probability
models by different experts on the panel. 

! Although the probability of volcanic disruption was the overall goal of the 1996 PVHA, the
elicitation only calculated the probability of subvolcanic dike intersection.  Event definitions,
however, did not include explicit consideration of subvolcanic dikes.

! Current uncertainties in the number and character of buried igneous features exceeds the
uncertainties considered during the 1996 PVHA.  Staff reasonably expect the character of
igneous event definition to change upon consideration of the new uncertainties [B. E. Hill
and J. A. Stamatakos, CNWRA Report, June 2002; attachment to NRC letter, RAI for IA
1.02, J. R. Schlueter to J. D. Ziegler, December 19, 2002]. 

Acceptance Criterion 2 Probability Estimates for Future Events are Supported by
Appropriate Technical Bases

! New information obtained since the 1996 PVHA regarding tectonic and igneous processes
in the Yucca Mountain region may affect the nature and form of conceptual models for
igneous probability estimates [attachment #1]. 

! Current uncertainties in the number and character of buried igneous features may affect
past assumptions regarding spatial-temporal patterns of igneous activity in the Yucca
Mountain region.  Assumptions regarding the relevance of basalt older than about 5 million
years, nonhomogeneous processes of temporal recurrence, and nonhomogeneous patterns
of spatial recurrence could be affected by consideration of the new uncertainties.

! NUREG-1563 provides guidance for the updating of an elicitation when there is new
information.  Staff concludes that the preponderance of information developed since the
1996 PVHA elicitation would reasonably affect an independent expert’s evaluation of
igneous processes relevant to probability model development.  DOE does not plan to update
this elicitation prior to submittal of the LA.  

! In deriving a volcanic event probability from the elicited intrusion probability, DOE has not
provided an adequate technical basis to support their conclusions on how the presence of
repository drifts will affect the development and localization of a subvolcanic conduit.  
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Acceptance Criterion 3 Probability Model Support is Adequate

! Numerical models developed during the 1996 PVHA have not been supported by testing
with observations or detailed process-level models.  Most PVHA models have not been
presented in the peer-reviewed literature.  DOE does not plan to provide objective support
that the models submitted in the LA can forecast the timing or location of future igneous
events in a distributed volcanic field.  

! Current understanding of uncertainties in the number and age of volcanoes in the Yucca
Mountain region indicate that some of the PVHA probability models may not adequately
account for observed spatial-temporal patterns in the region.

Acceptance Criterion 4 Probability Model Parameters Have Been Adequately Established

! Recent information on the number and character of buried igneous features exceed the
uncertainties considered during the 1996 PVHA.  Parameters for PVHA probability models,
including volcanic recurrence rates, kernel densities, event definitions, and likely subsurface
intrusion characteristics, do not reflect these uncertainties.  

! Likely correlations between some parameters, such as the surface length of a defined event
and its subsurface length, have not been adequately established.  

! Judgement of NRC staff is that parameters estimated through the use of expert elicitation
have not been adequately updated using recommendations in NUREG-1563.  

Acceptance Criterion 5 Uncertainty in Event Probability is Adequately Evaluated

! As stated in Criterion 4, model parameters have not considered an appropriate range of
current uncertainties (i.e., precision and accuracy) and thus the resulting probability models
have not adequately evaluated the uncertainty in the probability estimates.  

! The range of probability values currently considered by DOE does not include higher values
reported in peer-reviewed literature published since 1996 [e.g., C-H. Ho and E. I. Smith,
Math. Geol. 30, 1998; C. B. Connor et al., J. Geophys. Research 105, 2000; E. Smith et al.,
Geol. Soc. America Annual Meeting Abstr., 2003].  

! Due consideration of the effects of current uncertainties on alternative probability models
indicates that the average annual probability used by DOE may underestimate by two orders
of magnitude the probability calculated using credible alternative models [L. Connor et al.,
CNWRA Report, September 2002].  
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Figure 4.3.10-1.   Sensitivity of mean annual dose to igneous activity probability.
(From Bechtel, 2002, Figure 37)

ATTACHMENT #3: PROBABILITY-WEIGHTED DOSE ESTIMATE FOR ERUPTIVE EVENT

Figure taken from Risk Insights Baseline Report (pre-decisional; December 18, 2003)
based on 2002 DOE analysis with additional curves for 10-7 and 10-6 probabilities

DOE probability-weighted dose determined with DOE preliminary consequence analysis 
——— P = 1.5 x 10-8 (DOE Base Case, 2002) 
! ! ! P = 4.8 x 10-8 (DOE 95th Percentile, 2002)

Probability-weighted dose at higher probability; DOE preliminary consequence analysis
P = 1 x 10-7 (NRC/CNWRA probability model, 2003) 
P = 1 x 10-6 (UNLV probability model, 2003) 
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ATTACHMENT #4:  PRINCIPAL AGREEMENTS AND UNCERTAINTIES REMAINING FOR
CONSEQUENCES OF IGNEOUS ACTIVITY AT YUCCA MOUNTAIN

Many uncertainties are relatively well constrained with general agreement between NRC
and DOE. 

! Physical characteristics of Yucca Mountain Region magmas and volcanoes.  
! General magma ascent and localization processes.  
! Waste package and waste form response to magmatic environment.  
! Waste entrainment in an erupting volcano.  
! Transport and deposition of material in volcanic plumes.  
! Initial airborne particle concentrations and inhalation dosimetry.  
! Risk assessment assumes occupancy of RMEI site only for events later than 100 years

post-closure of repository.  

Greater uncertainties remain on several complex physical processes.  
! Effect of drifts on magma ascent and conduit evolution.  

• Affects magma pathway, conduit localization within repository, and number of waste
packages involved in an eruptive event.  

• DOE analysis (Agreement IA 2.18) due March 2004.  

! Volume of volcanic ash produced in an eruption.  
• Affects distribution of ash, dilution of waste, and specific activity of ash on ground.

! Persistence of airborne ash and resuspension following eruption.  
• Affects inhalation dose (main dose pathway for eruption).  

! Remobilization processes of fresh ash deposited upstream of the RMEI site.  
• Affects ash concentration and persistence at RMEI site subsequent to eruption.  
• DOE analysis (Agreement IA 2.17) due August 2004.

In their most recent treatment (summarized in Technical Basis Document 13), DOE has
adopted conservative assumptions on some of these issues (e.g., assumptions that all waste
packages in any drifts intersected by a basaltic dike are destroyed).  These assumptions
represent significant changes from previous DOE analyses and their effects on system
performance are currently being evaluated by NRC.  In other cases, DOE’s analysis is alluded
to in Technical Basis Document 13 but has not yet been presented (e.g., DOE’s remobilization
model report is not scheduled for completion until August 2004).  

DOE has only recently (January 23, 2004) responded to the final report from the Igneous
Consequences Peer Review Panel, filed in April 2003, which assessed several of the
outstanding model uncertainties.  DOE’s response acknowledges the Panel concerns and
generally refers to DOE work currently under way but not yet completed.  Uncertainties in
igneous consequences processes (effects of compressible magma flow, waste package-magma
interactions, waste entrainment) were also reiterated as important concerns by NWTRB in their
most recent (December 16, 2003) letter to DOE.  
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