ACNW R-0240

June 8, 2006

The Honorable Nils J. Diaz
Chairman
U.S. Nuclear Regulatory Comm ission
W ashington, DC 20555-0001
SUBJECT:

FUTURE VOLCANISM AT YUCCA MOUNTAIN - COMMENTS ON THE
IGNE OUS INT RU SIO N S CE NA RIO

De ar Chairman D iaz:
During its 168 th and 169 th meetings, the Advisory Comm ittee on Nuclear W aste (ACNW ) was
briefed on modeling of processes related to the potential risk from igneous activity at the
proposed Yucca Mountain repository. An accompanying letter deals with a recent report on
fluvial redistribution of contam inated tephra (ash) in the vicinity of the proposed Yucca M ountain
repository. This letter reports the ACNW ’s observations and recommendations on briefings
during both meetings by the Electric Power Research Institute (EPRI), a consultant to the
Center for Nuclear W aste Regulatory Analyses (CNW RA), and a consultant to the ACNW that
pertain to the igneous intrusive s cenario. T he AC NW finds that progress is being made in
studying this scenario and its potential impact on risk to the Reasonably Maximally Exposed
Individual (RMEI). As suggested in ACNW ’s letter of December 9, 2005 to the Comm ission, the
NR C s taff should give increased consideration to the intrusive scenario which invo lves rapid
solidification of magm a intruding the waste emplacement drifts.
Two principal scenarios are associated with potential igneous activity relevant to the proposed
Yucca Mountain repository. The volcanic (extrusive) scenario in which the waste encountered
by intruding magma is carried to the surface and distributed over the surrounding region in the
volcanic tephra (ash) has been the subject of intensive study. However, the intrusive release
scenario could also be important to risk because of premature release of radionuclides to the
groundwater from waste containers damaged by the magma and the possibility that
radionuclides encountered by intruding magma would be released to the surface at flank
eruptive vents.
At the 168 th meeting of th e A CN W a representative o f the Electrical Power R esearch Institute
(EP RI) discusse d the ir recently released report on the consequences of a hypothetical future
intrusive igneous event at Yucca Mountain (EPRI, 2005). In addition, at the 169th meeting of the
ACN W two briefings were presented that pertain to specific aspects of the intrusive release
scenario. A consultant to the CNW RA briefed the ACNW on studies performed by the CNW RA
on “Modelling the Dynamics of Simultaneous Flank and Summit Eruptions of Basaltic Magma”
and a consultant to the ACNW reviewed the interim results of a continuing ACNW study on the
effects of magma solidification on interactions with the proposed repository and the waste
containers.
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EPRI Intrusive S cen ario S tudy
EPRI in their report on the intrusive scenario considers that previous estimates of magma
ascent rate and temperature of a basaltic dike intersecting the proposed repository have been
overestimated. Based on the work of Nicholis and Rutherford (2004), EPRI concludes that
magma crystallinity and viscosity would be much higher than previou sly assum ed, resulting in
rapid solidification of m agm a if it enters the rep ository drifts. As a result, mag ma could have
limited penetration into the waste emplacement drifts and only a relatively small number of
waste containers could be directly contacted by magma. EPR I predicts that som e waste
containers located on both sides of a magma plug would be likely to fail early due to high
temperature effects. EPRI’s performance assessm ent indicates that probability-weighted dose
due to m agma intrusion would b e less tha n for the n om inal (base) ca se. EPRI has there fore
concluded that the probability-weighted doses would comply with regulations and that no further
activities need be pursued to address the intrusive igneous scenario.
Observations:
1)
The intrusive scenario evaluated in the EPRI report addresses some of the concerns
raised in the D ecem ber 9, 2005 A CN W letter to the C om mission related to rapid
solidification of magma intruding into the waste emplacement drifts of the repository and
the resulting limited impact upon the waste containers.
2)

The EPRI report suggests that the position of the NRC with respect to the effects of
intruding magma upon the waste containers and the potential for flank vents carrying
contaminated waste to the surface may be overly conservative.

Recommendation:
The EPRI report on the intrusive-release scenario presents a viable alternative concerning the
impact of intruding magma on the repository and waste containers. As such it should be
evaluated by the NRC staff as an alternative to their current position on the interaction between
intruding magma and the Yucca Mountain repository and in particular with regard to the number
of containers damaged.
CNW RA Modeling of Simultaneous Summit and Flank Eruptions
Ma ny basaltic volcanic eruptions invo lve th e simultaneous discharge of m agma fro m multiple
vents with a range of eruption styles and rates including both violent explosions an d effusive
lava flow s. T he CN W RA ’s study (W oods et al., 2006) reviews simultaneous flank and sum mit
eruptions at analog basaltic volcanoes and investigates partitioning of magma flux, and thus the
relative importance of explosive discharge versus effusive lava flows, between summit and flank
vents. W oods et al. used both num erical and experimental m odeling to study the key controls
on the flux partitioning. The authors state with reference to their experimental studies, “Although
the effects of two-phase flow are difficult to evaluate with tractable numerical models, analog
experiments can provide useful insights on the effects of gas and magma segregation on flow
partitioning.” The experiments primarily measure the flux of water under pressure through
simulated summit and flank vents with varying concentration of air bubbles in the water. The
results of th e C NW RA study, although adm ittedly simplified fro m actual conditions, illus trate
how the eleva tion differential of the vents and the distance of flank ve nts from the main (summit)
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between the vents control the relative eruption rates between summit and flank vents. In the
introduction to this briefing a staff member from NRC ’s Office of Nuclear Material Safety and
Safeguards described this as an interim study which to date has not led to published
conclusions regarding its impact on risk from igneous activity at Yucca Mountain.
Observations:
1)

The results of the CNW RA modeling of simultaneous summit and flank eruptions will be
of inte rest to the wid er community of volcanology.

2)

The results of the study may be of limited importance and use in evaluating the
dynamics of and risk from intruding magma at Yucca Mountain because of differences
between the study models and the actual geological situation as noted during the
presentations and recognized in the report.

Recommendation:
If further modeling of sim ultaneous eruption from summit and flank vents is conducted it is
important that a clear connection be established between the experimental conditions and those
anticipated in an actual intrusive igneous event at the proposed Yucca M ountain repository.
Solidification Effects on Magma/Repository Interactions
A consultant to the ACN W presented an interim report of the characteristics of the Yucca
Mountain basaltic magmas, including the characteristic rheology, solidification of these magmas
upon reaching the surface, and the potential impact of their solidification on the proposed
repository and its contents. T he basaltic m agma typical of this region when deep in the crust is
likely to contain 2-4 % (by m ass) d issolved volatile s (p rincipally H 2O and CO 2) which
significantly affects the crystallization and viscosity of the magma. The temperature of
crystallization is lowered and the viscosity of the magma is reduced at depth by the presence of
volatile species, making the magma more mobile. As the magma approaches the surface, and
the prevailing pressure decreases to 1 atmosphere, these volatiles escape from the magma
which then undergoes rapid crystallization and a large increase in viscosity, which strongly
reduces its m obility.
The ACNW consultant has examined the change in magma viscosity with depth and has shown
that the magma viscosity is likely to be a factor of about 106 larger than in the subsurface when
the m agma reaches the surface and the re pository drifts. Thus lava may on ly travel 10 m eters
or less into a repository drift instead of flowing long distances. The effect of this lava quenching
on the surface of a waste container is that approximately a 10 cm thickness of quenched glassy
lava forms in about a minute. The consultant also presented several examples of similar
quenching of magmas that have been observed in nature.
The ACNW and its consultant hold differing views from the NMSS staff regarding whether
magmas rea ching the surface rem ain high in dissolved volatiles and th us retain the ir mobility.
The ACNW consultant pointed out that the volatiles are present as bubbles that have exsolved
from the magma and that the magma itself is low in vo latiles and thus m agma m obility is
markedly decreased. This view was supported by the volcanology consultant of the Nuclear
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volatile content of volcanic rocks. The staff alternatively supports the view that such magma
rem ains m obile at atm ospheric pressure.
Observations:
1) A scenario in which modification of basaltic magma viscosity occurs upon encountering the
proposed repository leading to limited flow (< 10 meters ) of the m agma into the re pository
and rapid quenching of the magma around waste containers is viable and needs to be
considered.
2) There is growing evidence that a failure to consider rapid solidification of magma on entering
the propo sed rep ository and encountering w aste containers m ay lead to a conservative
estimation of risk from igneous activity at Yucca Mountain.
Recommendation:
Consideration should be given to the potential for increased viscosity of basaltic magma at
Yucca Mountain reaching the repository when evaluating the effect of magma flow into the
repository, the partitioning of magmatic flux between summit and flank vent eruptions, and the
risk from igneous activity to the R ME I associated with the repository.
Sincerely
/RA/
Michael T. Ryan
Chairman
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