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Dear Seth:

The report accompanying this letter contains the comments and
conclusions of Bob Guzowski and myself on our phone conversation
with you and John Trapp, and the conservation of the assumptions
made in Regina's report. In addition, it contains the results
of the sensitivity analysis on the equation that Regina used to
calculate releases from the repository. If you have any
questions or would like more detail on any of these topics.
please call.

Sincerely.

Robert M. Cranwell
Waste management Systems Division-6416
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INTRODUCTION

Preliminary results of recent age dating of the basaltic
cinder cone near Lathrop Wells by a geomorphologist at Los
Alamos resulted in an estimate of volcanic activity
approximately 20.000 years old. This activity is in addition
to the approximately 0.3 million-year old activity previously
recognized (Crowe et al. 1982). if the new age date proves to
be valid, the probability of renewed volcanism cited in the
environmental assessment (EA) of the Yucca Mountain site (DOE,
1986) may be affected to the extend that renewed volcanism
cannot be eliminated on the basis of low probability.

The DOE also used results from Link et al. (1982) to
conclude that volcanic activity is not likely to lead to
unacceptable releases of radionuclides over 10,000 years. This
conclusion is somewhat suspect for several reasons. First, the
size of repository and the inventory assumed are different in
the Link report than those listed in the Yucca Mountain EA.
Second, data taken from Link report and cited in the EA are
confusing and misleading. Finally, releases of individual
isotopes are compared to the values limited by the EPA when in
fact the sum Q + + - + Q . where Qi is the

;tA ROB RrN

projected release and RLi is the EPA release limit of
radionuclide i, should be investigated.

Probability of Renewed Basaltic Volcanism

Two types of basaltic volcanism occurred in the NTS
region. One type was associated with the waning stages of
silicic volcanic activity. The other type tends to be younger,
of smaller volume, of shorter duration., and associated with
extensional faulting. Figure 1 indicates the distribution of
basaltic rock at and near NTS, and the ages of the younger
suite of basalts.

Determining the probability of renewed basaltic activity is
different because of the lack of understanding of the mechanism
that results in the periodicity of eruptions. Crow and Carr
(1980) recognized 14 centers of volcanic activity within a 25
km radius of Yucca Mountain with ages less than 2.5 million
years old. Based on the assumptions of each volcanic center
representing a separate eruption cycle, the eruptions being
uniformly distributed through time, three feeder dikes per
volcanic center, a disruptive area of 0.12 km2 per dike, and
a repository area of 10 km2 . the yearly probability of the
repository being disrupted was calculated to be 10-8. For 18
centers within 50 km. the probability became 10-9/yr.
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Figure 1. Distribution and ages of basaltic volcanic rocks in
the NTS area. Dark masses are basaltic rocks
genetically related to late-stage silicic volcanism
(Crowe et al.. 1982).



Crowe et al. (1982) used two techniques for calculating the
annual probability of - volcanic activity disrupting a
repository. Each -technique included a parameter based on the
area of the repository and -a minimal circular -or elliptical
area that enclosed the repository and the volcanic centers of
interest. One technique used the rate of magma production in
the NTS area, and the -other technique used the number of
volcanic centers over a certain time period. For the Yucca
Mountain area, the calculated probabilities using these
techniques ranged from 10-10/yr to 10 8/yr. Among the
assumptions made were that volcanism is a random process, the
rates of volcanic activity -can '-be -averaged over long time
intervals to minimize short-term variations, and the calculated
rates of volcanism can be based on past activity rather than an
understanding of the mechanism of future magma generation.

The assumptions used by Crowe and Carr and Crowe et al,
that each of the volcanic centers represented a separate
volcanic cycle and that the cycles.are uniformly distributed in
time are not necessarily conservative assumptions. Some
evidence in the NTS area suggests that the time interval
between subsequent eruptions may be-decreasing.

Table 1 lists the ages of volcanic rocks and the calculated
volumes for those eruption centers in Crater Flat. The
decreasing time interval between eruptions suggest that the
decrease will continue. -Evidence against this trend also
exists. The eruptions in Crater Flat may not be an isolated
system. Based on the ages in Figure 1 for the NTS region, no
pattern seems to exist. Assuming that the basalts (ages 9.1
and 8.8 million years old) along the northern edge of Silent
Canyon Caldera and the basalt at Paiute Ridge (age 8.7 million
years old) are the same cycle, the ages of basalts in the
region are 8.8. 9.0. 3.7. 2.8. 1.1, and 0.3 million years with
time intervals between cycles of 1.8 3.3, 0.9, 1.7, and 0.8
million years. A pattern of decreasing time between eruptive
cycles is not evident. The 0.8 million-year interval, which is
basically the same as the 0.9 million-year interval. may
represent a minimum time required for pressure to build at
depth to a sufficient level for an eruption to occur.

If the recent estimate of a 20,000 year old eruption at the
Lathrop Wells cinder cone becomes a reliable date after more
extensive investigations, the above line of reasoning is not
valid. This younger date in addition to the 0.3 million-year
age for the Lathrop Wells cone would support the Crater Flat
area as an isolated system and a decreasing time interval
between eruptions. For Crater Flat, the ages and intervals
would be 3.7 m.y., [1.6 m.y. interval]. 1.1 m.y., [0.8 m.y
interval], 0.3 m.y., [0.28 m.y. interval]. 0.02 m.y.. These
conditions would increase the probability of renewed volcanism
above those values cited in the EA.
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Table 1. Ages and volumes of basaltic eruptions in and near
Crater Flat (Guzowski et al., 1983).

Age of Cycle

m.Yv.

Calculated Volume

mi3 km3Location

3.7

l.1

0.3

Central and southeastern
Crater Flat: deeply dis-
sected cones and flows.
locally exposed feeder
dikes.

Northeast-trending arc
near center of Crater
Flat: cones and flows.

3 im (S km) southeast of
southeastern edge of
Crater Flat; cones and
Llows.

1.0 x 10-1

7.3 X 1O-2

1.2 x 10-2

4.0 x 10-1

3.0 x 10-1

0.5 x l0-l



An increase in the probability of renewed- volcanism would
not necessarily pose a threat to -the repository. As indicated
in Table 1. the volume of the eruptions has decreased toward
the present. The possible 0.02 m-y. old material is part of
the Lathrop Wells cone, and as a result, the volume is some
fraction of the Lathrop-Wells volume reported in Table 1. In
addition, renewed volcanism alone is not a threat to the
repository. A dike must intersect the repository and also
reach the surface at the repository location. In the Yucca
Mountain area, past basaltic volcanism has been restricted to
topographically lower areas. This restriction seems reasonable
for future activity. If -a dike should intersect the
repository, the topography in the Yucca Mountain area is such
that topographically lower areas also would be intersected by
the dike, thereby providing for--pressure release to the surface
at locations other than the repository site.

The combined probabilities of the three components required
to release radionuclides to the surface would keep renewed
volcanism as a low-probability disruptive event.

Consequence Analysis of Volcanic-Activity

In the Yucca Mountain EA (DOE. 1986). the DOE cites the
release calculations of Link et al. (1982). although the way
the values are cited is confusing and misleading. Link et al.
was a parametric study of the consequences of the volcanic
disruption of a repository at. Yucca Mountain. The size of the
repository and the amount of waste used in this study were
reasonable estimates at the time, but were substantially
different from those described in- the EA- (Table 2). The EA
cites a value of 1.8 curies or 0.038 curies per 1000 metric
tons of heavy metal (MTHK) as the expected radionuclide release
over a 10.000 year period for a spent fuel repository, assuming
that volcanism occurs between 100 and 10,000 years (p. 6-279
para 2). However, this value was taken from Table 8-4 where a
probability of 2.9 x 10-8/year for volcanism was assumed
(Link et al. p. 151). The appropriate table to use would be
Table 8-6 which gives a value of 133.4 curies per 1000 MTHM
(Table 8-6, column 1).

The NRC expressed concern about the releases in Table 8-6
(p. 161) of Link et al.. and whether these releases met the EPA
Standard (EPA, 1985). Table 3 indicates the initial inventory
used, the calculated releases, the release limits, and the
cumulative release for both Link et al. and a proportional
amount of the EA inventory.

Because the cumulative releases in Table 3 approach the EPA
limit, an analysis of the assumptions made in- calculating the
releases was required to determine whether the assumptions
cause the result to be conservative or nonconservative. Table
4 lists the assumptions made in Link et al. and qualitatively
estimates their conservatism. At this time, weighting these
estimates in a meaningful way is not possible.



Table 2. Comparison of repository inEA and Link et al. (1982)

-EA

Area 1520 acres
(-615 hectares)

MTHM1 70.0002

Number of canisters 230.6572

MTHM/acre 46.1

MTHM/canister 0.30

canisters/acre 151.7

1 1THM = metric tons of heavy metal
2 for two-stage design used in final EA

Link et al.

664.6 acres
(269 hectares)

46,930

89,559

70.6

0.52

134.8
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Table 3. Inventory. calculated release, release limits. and cumulative releases based
al (1982) and EA initial inventory (Release fraction SE-5).

on Link et

Initial
Inventory
Link

Q'wl et al 1982
Ci/1000 MTHM

Initial
Inventory
EA
Ci/1000 TWHM
(SF )

Expected
Releases
Link
et al. 1982
Ci/1000 MTH?

Proportional
EA
Releases
Ci/1000 KTHMRelease

AIm Ito
Release
rFA i t_

| "^_|^ iB X-li1X XD

CM-246
Cm-245
Cm-244
C-242
AM-243

3.4E1
1 * 9E2
1. * E6
7.6E3
1. 3E4

3.5SE1
1.8SE2
9.OES
8.SE3
1. 4E4

I.SE-3
1.OE-2
3. I E-1
1. 4E-2
6.6GE-1

1.5SE-S
1. OE-4
3. 1E-3
1. 4E-4
6.6E-3

1.5SE-3
9. SE-3
2. SE-1
1. 6E-2
7. IE-1

1.5E-5
9.5E-5
2.5E-3
1.6E-4
7.1E-3

AM-242 9.2E3 l.OE4 1.7E-2 1.7E-4 1.9E-2 1.9E-4
AM-241 1.2E6 1.6E6 16 1.6E-1 21 2.1E-1
Pu-242 l.lE3 1.6E3 8.7E-2 8.7.E-2 1.3E-1 1.3E-3
Pu-241 6.3E7 6.9E7 1S 1.5E-1 16.5 1.65E-1
Pu-240 4.6E5 4.5E5 23 2.3E-1 22.5 2.25E-1

Pu-239 3.2E5 2-9E5 23 2.3E-1 21 2.1E-l
Pu-238 2.1E6 2.OE6 2.3 2.3E-2 2.2 2.2E-2
Np-239 1.4E4 1.4E4 7.1E-1 7.1E-3 7.1E-1 7.1E-3
Np-237 2.8E2 3.1E2 7.IE-2 7.1E-4 7.9E-2 7.9E-4
U-238 3.2E2 3.2E2 2.6E-2 2.6E-4 2.6E-2 2.6E-4

i_#36 2.5E2 2.2E2 2.4E-2 2.4E-4 2.1E-2 2.1E-4
U-235 1.8E1 1.6E1 1.6E-3 1.6E-5 1.4E-3 1.4E-5
U-234 9.OE2 7.4E1 1.3E-1 1.3E-3 1.OE-2 1.OE-4
U-233 5.8E-2 3.8E-2 1.5E-3 1.5E-S 9.9E-4 9.9E-6

Th-230 9.8E-2 1.3E-1 5.5E-3 5.SE-4 7.3E-3 7.3E-4

Th-229 8.1E-5 2.8E-5 3.6E-4 3.6E-5 1.3E-4 1.3E-5
Ra-226 2.8E-4 7-4E-6 3.6E-3 3.6E-5 1.1E-4 1.1E-6
Ra-225 8.1E-5 8.1E-5 3.6E-4 3.6E-6 3.6E-4 3.6E-6
Pb-210 3.6E-5 7.OE-7 3.4E-3 3.4E-5 6.8E-5 6.8E-7
Cs-137 7.5E7 7.5E7 29 2.9E-2 29 2.9E-2

Cs-135 2.3E2 2.7E2 1.9E-2 1.9E-5 2.2E-2 2.2E-5
1-129 2.7E1 3.3E1 2.2E-3 2.2E-5 2.7E-3 2.7E-5

Sn-126 4.7E2 4.8E2 3.7E-2 3.7E-5 3.SE-2 3.8E-5
Tc- 99 1.2E4 1.3E4 9.EE-1 9.8E-S 1.06 1.06E-4
Zr- 93 2.8E3 1.7E3 2.2E-1 2.2E-3 1.3E-1 1.3E-3

Sr- 90
Ni- 59

C- 14

5.4E7
2.2E4
1. 4E3

5. 2E7
3.OE1
8. OE2

20
1.7
6.7E-2

2.OE-2
1.7E-2
6.7E-4

19
3.4E-2
4.0E-3

1.9 -Z
3.4E-4
4.OE-5

0.90Cumulative Releases 0.88
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Table 4 Evaluation of assumptions used to calculate release in
Link et al (1982) C-conservative, NC - not
conservative, other.

A:simyt i an Eva I iuati fn~. 0 ~A a S . a 8 a- .a-- - -

Repository

Size NC the - 665 acres used is
smaller than the 1520 acres
in the EA.

Distribution of canisters Reasonable. 1.32 m between
canisters in a row. 2.5 m
between rows in a room. 500
canisters/room.

Diameter of canister 0.36 A.
Diameter of hole 0.56 m.

Vertical emplacement of
canisters is one option
mentioned in EA.

Inventory

Age of SF C Assumed to be 10 years
old. Some will be older at
real site.

Type of SF NC assumed a ratio of PWR to
BWR SF. Other ratios could
change initial inventory.

Amount of SF NC 46.938 MTHM is low.

Number of canisters NC 89.559 canisters is fewer
than projected in EA.

MATHM/canister C 0.52 MTHM is higher than
the 0.30 MTHM for EA data.

Probability of volcanism

Distribution of probability
over time

C assumed to be 1.

NC probability could increase
with time so that different
inventory or multiple dikes
could result in substantial
releases of aged inventory.
or probability
could be higher while
inventory is relatively
young. Assumed uniform.



Table 4 continued

Release fraction

Number of dikes

Size of dike

NC used 1. Stated on p. 26
para. 1 that subsidiary cones
can form, each with its own
feeder dike, prior to formation
of main cone.

NC used mean dike width of 1 m
when could have used up to 4 m.;
used mean dike length of 500 -m
when range is up to 4 km.

Size and shape of repository

Probability of release
occurring

Number of canisters hit

Amount released/canister -

NC? used circular target of same
area as rectangular repository

C assumed that dike that hit
repository also reached
surface.

the

NC used statistical mean of 7.1
canisters. If dike passed
completely through repository,
dike parallel to row could hit
448 canisters. perpendicular to
row 31.6 canisters.

C assumed that entire contents
of each canister hit were
released.



In addition to evaluating the assumptions used in
calculating releases, a sensitivity analysis was performed
using Equation 8-2 in Link et- al. (page 163). The equation
used to arrive at expected values for releases of radionuclide
was given by:

N
Ai = Ci (n)RiPiAt(n)

11=1
where

Ai = curies of radionuclides i released
Ci(n)- curies of radionuclide i in inventory during time

increment n
Ri = release fraction
Pi = probability of release occurrence, and
At(n) - increment of time (100-500 yr. 500-1000 yr.

1000-5000 yr, and 5000-10000 yr).

For our sensitivity studies, Ci(n) was assumed to be the
inventory at the beginning of that time interval. This
assumption simplified the analysis by not tracking radionuclide
decay within each time interval and has no bearing on the
sensitivity analysis.

Four cases were run in this analysis:

CASE 1 - The probability of an intrusion occurring during
any of the time intervals came from a uniform distribution from
0.0 to 1.0. The sampled probabilities were then normalized to
sum to one. A correlation between the distribution of
probabilities for each time interval was imposed on the
sampling. The distribution of the number of canisters accessed
by a single dike was defined as lognormal from 0.01 to 448.
One hundred observations were taken.

RESULTS - One hundred samples of the data were run through
a FORTRAN program that was developed to evaluate Equation 1 and
to produce a file for input into SAS (PROC REG). A regression
analysis indicated that the number of canisters accessed was by
far the most important variable. Intrusion probabilities were
of minor importance. R2(ratio of the regression sum of
squares to the total sum of squares) for most cases was 0.99 or
greater.

CASE 2 - This case was identical to Case 1. except the
intrusion probabilities were not correlated.



RESULTS - The number of canisters accessed remained the
most important variable, although intrusion probabilities were
showing up as being more important than in Case 1. R2 values
were consistently higher than for Case 1.

CASE 3 - This case was identical to Case 2, except for a
reduction in the number of canisters to a range of 0.1 to. 10.
A lognormal distribution was used for this range. The reason
for reducing the range was to see if the importance of. the
number of canisters was real-or was due to its large range of
uncertainty (- two orders of magnitude) as compared to the
range (0-1) for intrusion probabilities.

RESULTS - The number of canisters accessed remained the
most important variable, but -not as strong as in the earlier
cases. R2 was consistently slightly lower (0.98).

CASE 4 - This case was identical to Case 1. except that the
correlations between probabilities were adjusted for greater
consistency.

RESULTS - The regression results were almost identical to
those in Case 1 except that intrusion probabilities showed up
more often as being somewhat important, but still not as
important as the number of canisters.

CONCLUSIONS

An eruption at the Lathrop Wells cone dated at 20.000 years
old would support the argument that the time intervals between
eruptions in the Crater Flat are are decreasing. thereby making
the probability of an eruption occurring over the next 10,000
years more likely. The occurrence of an eruption does not
necessarily endanger the repository. In addition to the
eruption occurring, a dike would have to intersect the
repository and also reach the surface at the repository
location. With the geographic controls on past basaltic
volcanism and the topography in the Yucca Mountain area, these
latter two conditions are not likely to be met.

The assumptions used in Link et al. (1982) upon which the
radionuclide-release calculations are based cannot be
numerically weighted. Those factors that control the number of
canisters accessed seem to be the most important. A
sensitivity analysis of the parameters used in the equation to
calculate the expected curies released confirmed that the
number of canisters accessed was by far the most important
variable.
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