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Estimates of volcanic disruption of a
potential repository at Yucca Mountain

 1x1010yr-1x108/yr (Crowe et al., 1982)
1 % 108/yr - 3 x 10-8/yr (Connor & Hill, 1995)

5.4 %
1.4 %
1.1 x

Up to 10-%/yr (Hil

10-19/yr — 4.
10-7/yr - 3.0 x 10-%/yr (Ho & Smith, 1997)
10-8/yr - 3.
1%x108/yr-1x~

9 x 10-8/yr (Geomatrix, 1996)

x 10-7/yr (Ho & Smith, 1998)
0-//yr (Connor et al., 2000)
& Stamatakos, 2002)

5.6 x 10-10/yr - 4.3 x 10-8/yr (DOE, 2003)
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IMPLIED ACTIVITY OVER TIME

Assuming a constant penetration rate (A), the # of
penetrating dikes over time T has a Poisson
distribution with mean = AT. The probability of at least
one penetration = 1 - exp( -AT). For A =2 x 10"//yr, the
expected # of penetrating dikes in 13 Myr is 2.6 and
the probability of at least one penetration is 0.93. For
A =1 x 10%/yr, the expected # of dikes is 13 and the
probability of at least one penetration is 0.999998.

Because no penetrating dikes have been found in the
footprint of the potential repository, these results are
iInconsistent with the exploration evidence.
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Miocene dike (10-11.7 Myr) in
Solitario Canyon
(After Day et al., 1998)



Intrusion Frequency Bound Based on Non-
Detection of Dikes in Repository Footprint

Age of surface rocks is 12.7 Myr (Tiva Canyon caprock)

One dike of Miocene age was a “near miss” but not a hit,
so the observed frequency of dike intersection is zero

Use confidence limit for expectation of a Poisson variable

Poisson value for 95% upper confidence limit is 3.0 (given
count = 0)

The upper 95% confidence bound on intrusion frequency is
3.0/13 Myr =2.3 x 10-/yr

Assuming 1 undetected dike, upper bound is 4.7/13 Myr =
3.6 x 10°7/yr
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Black Cone, Crater Flat

Pliocene vent complex, Crater Flat (Pleistocene age, ~1 Ma)
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PVHA_YM Volcanic events/million yrs in YM region needed

Data Files to produce repository intersection rates of:
10-8/yr 10-7/yr 10-5/yr
All _64events 0.95 9.5 95
CFB_16alignments 0.45 4.5 45
CFB_mio-quat-MAG 0.40 4.0 40
CFB_plio-quat-MAG 0.44 4.4 44
Crater_flat_align_3events 0.63 6.3 63
miocene-quat_47events 0.96 9.6 96
miocene-quat_57events 0.90 9.0 90
pliocene-quat_20events 0.50 5.0 50
pliocene-quat_30events 0.51 5.1 51
quaternary_8events 0.42 4.2 42

(Gaussian model + 100% gravity weighting + 1-5 km dike/event length. Similar results are
obtained using an Epanechnikov kernel model. If gravity weighting is eliminated, the numbers
of events in the table would DOUBLE.) 17



Recurrence Intervals

Volcanic Field Vents/yr
Eifel, Germany 5x 104
Camargo, Mexico 1x104
TransMexican Belt 3x104
Springerville, AZ 2 x 104
San Francisco, AZ 1x104
Coso, CA 3 x107
Pancake, NV 1x107
Cima, CA 8 x 107
Yucca Mountain, NV 1x107

Source: C. Connor at http://www.norvol.hi.is/~thora/summer2003/notes/connor.pdf 18
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Cima, California (~70 vents)

Crater Flat, Nevada

N. Cone Black

(not visible) e Red
Cone Little
Cones




h / N
4099000 \ ‘ ro
ey, o’ 74
o
* Proposed Repository |
A}_Qéaaom.__ o
Iﬁ: ) & Bam - -y -
o ! W el = “SMountainy | | ': \ 10 km
Fault |

4079000 &

'Quaternary Eq

| Crater Flat :

| Alignment L. Gravity :.'Tauft

. 2 %
e Eﬂ’\' i %H; i
qf i a 1 1
LY ; \ |
- Pliocene | | Little Skulf
4059000 Crater Flaff | ; \___Mountain
‘L-,L Larhmpi Wells
«' | Volcanag :
o AAA Alignment ?—f——'—Pﬂocene Basalt AAB
z ¥l ) | |
514000 524000 534000 544000 554000 564000 574000

Last million yrs should have looked like this given a penetration rate of 10°/yr. ,,



——
gﬂmm_l / . N
R e
*  Proposed Repository
Jﬂiﬂﬂ'ﬂﬂﬂ "
K
" . Bare
N, W Mountain
TN o 10 km
4079000 ' 1 g .
| Quaternary | £% 1*? |
| Crater Fiat ! % | Graviy £
| Alignment A ) 5} J ra f ault
-
4062000 r #’ My o
I : i i ....,
J.q 5 5 \NAS ﬂg /
‘r-'.- ﬁ
FPliocene -u.. : Litte Skul
KO88000 Crater Flat - Mountain
Walls
- AAA Aligmrwt T 7 Pliocene Basalt AAB
554000 R4 NI EAA000 SRA000 ERALINN ETAMO0
Mate 2. The spatial recorrence rate (volcanic evenskm®) contoured for the YMR, based on the distribucion

of Cuaternary volcanism and its relacionship w© the BME (see appendixy. The contoor imerval is 2 = 10
volcanic eveniskm®.

From Connor et al., 2000, JGR. During the Pleistocene (1.8 Myr), only 8 basaltic events 9o
(or fewer) are known to have occurred in the Yucca Mtn. region (6 are visible here).



Rates of basaltic volcanism comparable to
those in the Cima, CA volcanic field or on the
Colorado Plateau (i.e., 30 volcanoes per
million years) have not occurred near Yucca
Mountain during the Pliocene-Quaternary
(Connor et al., JGR, 2000).

“It is reasonable that the probability estimates
we calculate for volcanic eruptions at Yucca
Mountain be substantially less than those
estimated for these larger, more active
volcanic fields” (Connor et al., JGR, 2000).
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Recommendation

Consider using the Quaternary recurrence rate to
estimate the potential frequency of repository
Intersection. This has 3 advantages:

. Compared to Pliocene, the Quaternary better represents
the present-day tectonic regime.

. The Quaternary fully captures the most recent
volcanism cluster at ~1 Myr. This cluster represents 5
events (or less).

. More reliable recurrence rate. Uncertainty about the
number of Quaternary events is reduced compared to
Pliocene events. There has been insufficient time to
erode or completely bury Pleistocene basalts.

24



With respect to decision making, using the
Quaternary recurrence rate reduces
concerns about older events that may be
present but undetected. This approach also

reflects the gradual decline in volcanism
over time.

25
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Estimate of Repository Intersection
Frequency

 Qur best estimate uses NRC’s PVHA code
and data, the Pleistocene recurrence rate
(4.4 events/Myr), and zero gravity weighting.

* We estimate an intersection frequency of
5.4 x 108/yr.

* Since the result is based on 8 events, the
95% upper confidence bound (Poisson
distribution) is 9.7 x 10-8/yr.
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We also analyzed file ““CFB_plio-quat-Mag™
which includes 14 Plio-Pleistocene events In
Crater Flat (age of one basalt is estimated)
and 15 magnetic anomalies that are assumed
to be post-Miocene basalts. A recurrence
rate of 5.5 x 10%/yr (29 events in 5.3 Myr) with
no PVHA gravity weighting yields a dike
penetration frequency of only 5.0 x 10-8/yr.
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A Few Thoughts About Event Clustering

Natural processes tend to occur in clusters (earthquakes,
volcanism, hurricane landfalls, floods, droughts)

Therefore short-term recurrence rates can change
significantly over time

Care is needed in identifying time frames of interest

Event frequencies during clustered activity do not represent
long-term expectations

High recurrence rates that represent clusters should only be
used if evidence says clustered activity has returned

29
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Conclusions

Our analysis raises doubts that a repository could be
penetrated by a dike once every million yrs (i.e., 10%/yr).
We evaluated four time scales: 13 Myr, 1 Myr, 100 kyr, &
present-day.

13 Myr: Non-detection of basalts in the repository foot-
print suggests upper-bound penetration rate of 2 x 10-//yr
averaged over 13 Myr. Useful test of model results.

1 Myr: For a penetration rate of 10-%/yr, the NRC PVHA
code & data indicate 40-96 volcanic events (80-192
without gravity weighting) would be expected in the
region in the past 1 Myr. But only 8 events are known in
the last 1.8 Myr.
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Conclusions (cont.)

100 kyr: For a penetration rate of 10°/yr, the PVHA_YM

code & data indicate 4 to 9 events would be expected In

the last 100,000 yrs. Only 1is known. Therefore we see
no evidence that the Lathrop Wells event (~80kyr) began
a new “cluster” of volcanism.

Present day: Previous claims of anomalously high
crustal strain in the Yucca Mt. region, a condition that
may enhance volcanism, have been contradicted
(Savage et al., 2001).

Using a Quaternary recurrence rate of 8 events in 1.8 Myr
and the NRC PVHA_YM code, we estimate the frequency of
future dike penetration at 5.4 x 10-8/yr. The 95% upper

confidence bound is 9.7 x 108/yr. .
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