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Introduction

Proposed changes in the regulatory time limits used for viability assessments of
the proposed national high-level radioactive waste repository in Yucca Mountain,
Nevada from 10,000 years to 100,000 or even 1,000,000 years call into question both
the modelling techniques used to represent the repository's long-term performance, and
our ability to extrapolate technological, cimatological and geological phenomenon. Part
of the problem is there are competing agencies and levels of government involved in the
project-public health (U.S. Environmental Protection Agency), energy (U.S. Department
of Energy), nuclear (U.S. Nuclear Regulatory Commission) and local interests (State of
Nevada) are all relevant players in the project, and a power struggle of sorts has
developed, stalling the completion of a viability assessment and actual project
construction.

Using a high-powered risk-assessment software program called Goldsim that a
simplified total system performance assessment (STSPA) was designed for, the effects
of varying the performance parameters of two barrier systems, one natural and one
man-made, upon the total system performance were observed. For a natural barrier
performance parameter, the longitudinal dispersion factor was varied by two orders of
magnitude larger and smaller than the initial value used by the STSPA, with each new
value run through Goldsim ten times to determine if the results were consistent. A
similar system was used to determine the effects of varying a man-made barrier
parameter, the no-drip cask failure rate.

The conclusion reached by varying these two parameters is that for a regulatory
guideline of 10,000 years, there is no noticeable effect on the total system performance,
but at 300,000 years, it appears that the effect of reducing the longitudinal dispersion
rate (a natural barrier) by one order of magnitude produced an astronomically high
receptor dose, indicating that as predicted, our abilities to model situations beyond our
ability to accurately extrapolate current scientific research is futile.
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The Maximally Exposed Individuals:

Future Farmers of the Amaragosa Valley

No one can predict what new technologies the human race will or will not develop in the
next million years, let alone the next hundred. The possibility also exists that we will
lose the knowledge that we currently possess and revert to a prehistoric farming
lifestyle. I feel that in order to develop a worst-case scenario for the radiation exposure
of future Amaragosa Valley (the closest settlement to Yucca Mountain, Nevada) farming
residents, one must consider a future in which humans have reverted to a very primitive,
self-sustaining farming lifestyle. An inhabitant of this sort will have the most contact with
the land, and will not be mobile enough to escape the higher doses of radiation in that
area via the efficient modern methods of travel. The assumptions used for this self-
sustaining farm to give the occupants the maximum possible exposure are as follows:

1) All of the food and drink consumed by the occupants is grown and processed on-site,
including the wheat, oats, beans, fruits, vegetables, meat, eggs, dairy, water, wine
and beer.

2) All of the clothes worn by the occupants are made on-site with materials produced
there, including hides, cotton, wool and flax. On-site water is used to wash the
clothes, with soap made from on-site animal lipids.

3) The farmhouse is of a subterranean design, with wood and clay from on-site used as
the primary building materials.

4) The energy needed to heat the farmhouse comes from burning wood and dung
produced on-site.

5) The occupants sleep on feather beds and pillows filled with fresh feathers from
domesticated birds, and covered with a wool blanket produced on-site.

6) Only manure and water from on-site are used to help in crop production.

7) The occupants do not take vacations, and all supplies that cannot be produced on-
site can be bartered from a nearby farmer.

8) The occupants were born and raised on-site, and have no method to travel far from
their farm.



Evaluation Techniques: Their Methods and Reasoning

There is a "truism in the philosophy of science as applied to Yucca Mountain, that
absolute viability can never be established for Yucca Mountain—or for that matter, for
any other site. But 'seventy-thousand metric tons of High Level Waste has to go
somewhere,' and it will be the relative viability of various sites that will matter in the end."
(Yucca..., 3)

Due to 1987 United States' government legislation, Yucca Mountain, Nevada is the only
site in the U.S. allowed by law on which a high-level waste repository viability
assessments may be performed.

"The basic tenet [of the Yucca Mountain Repository] is 'to contain and isolate the
radioactive wastes so that the dose impact to humans is attenuated to a relatively
benign level' for periods as long as long as a million years." Of course, our ability to
predict future events decreases with increasing time frames. "A 50- to 100-year record
of the physical, chemical and isotropic characteristics of water seeping into the drifts [of
Yucca Mountain] could do much to support (or question) the overall credibility of the site
and to support (or delay) the decision for closure, whenever it is made." (Yucca..., 13)

After changing a parameter by an order of magnitude or two, ten trial runs or
"realizations" were run with the Goldsim® computer program in order to determine the
precision with which the program attempts to obtain results, and assess the variability of
the results. As is clearly visible later in this report, the results appear to vary wildly and
give very inconclusive data beyond 10,000 years from now (incidentally, the period
beyond proposed regulatory limits).

A Natural Barrier:
Unsaturated Zone Longitudinal Dispersivity Factor

This factor in the Simplified Total System Performance Assessment (STSPA) model run
on the Goldsim risk-assessment software essentially governs radionuclide transfer
longitudinally through the unsaturated (above the water table) zone. The following
figures each show 10 "realizations" of varying the initial value offered in the model by
factors of 10.

Natural Barrier Conclusions

There were no apparent trends seen in the data. For the condition with 1/10 the original
STSPA settings for longitudinal dispersivity, two of the ten realizations gave
astronomically high Receptor Dose Rates at about 300,000 years from now. This sort of
dose-rate is about eight-times the natural background radiation received by the worst-
case Amaragosa Valley resident.
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For all of the other longitudinal dispersion factors I attempted in the unsaturated zone,
results were seen that did not indicate any clear trends and there was wild variation
even among the ten realizations—essentially the radiation dose-rate 100,000 years from
now attributed to Yucca Mountain could be next to nothing, or it could be twice
background radiation. I would therefore not give this model much credibility beyond
10,000 years, which is the proposed regulatory time limit anyway. Incidentally, with any
of the longitudinal dispersion values, the repository will come in under the regulatory
limits for the necessary time period.

Based upon these results, I feel confident in saying that there is not any appreciable
sensitivity of the repository performance upon the longitudinal dispersion factor of Yucca
Mountain.

A Man-Made Barrier:

Waste-Package Failure Distribution Under No-Drip
Conditions

This distribution basically determines for the model the number of waste packages that
will fail within a certain time period with a certain probability. By increasing/decreasing
the mean and standard of deviation of this distribution by the same factor, I will hopefully
obtain a meaningful sensitivity analysis of how this parameter affects the overall
repository performance.

Man-Made Barrier Conclusions

Once again, deciphering any trends from the data was impossible. All five of the
different waste-package failure distribution levels were plotted on the same scale of
dose-rate, and it was evident that there are no trends present.

Looking at the ten different realizations within each distribution level, it was also obvious
that the STSPA cannot be trusted with any reliability beyond the 10,000-year regulatory
limit. The dose-rate predicted by the ten individual realizations varied from next-to-
nothing, to three-times the natural background radiation for the area.

Based upon these results, I would feel safe in saying that there is little-to-no sensitivity of
the repository's performance to the waste-package failure distribution under no-drip
conditions.
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Estimate of the Worst-Case Annual Dosage

Based upon the sensitivity analyses performed for this report, the worst-case conditions
were seen on two of the ten realizations performed under the following conditions:

One-tenth the original STSPA model's Longitudinal Dispersivity Factor.

At a time approximately 300,000 years from now.

The estimate for the maximum exposure for the maximally exposed future farmer of
Amaragosa Valley would be as follows:

450 mrem/year of background radiation

3450 mrem/year of Yucca Mountain HLW Repository-based
radiation

3900 mrem/year of total exposure for the max. exposed
individual

Evaluation of the Proposed Initial Activities

The STSPA model I used to extrapolate this data into the next million years indicates that the
Amaragosa Valley will be as safe as most places on Earth for the next 10,000 years, if not
longer. I propose that this time period is adequate for a viability projection. Using regulatory
limits longer than 10,000 years reaches beyond our ability to safely extrapolate data about
materials, climatology and geology. Unfortunately, the "layman" will realise these limitations
at well, and using a regulatory limit of greater than 10,000 years risks greater public
resistance to the entire project.
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"[C]alculations... can never establish the absolute viability of Yucca Mountain. Thus it will be
the viability of Yucca Mountain relative to the other options that matters, which means at
present the relative viability of the default option of leaving so much High Level Waste in so
many places where it presently is, or its placement at a centralized surface storage facility as
envisioned in pending Congressional legislation." (Yucca..., 15) I feel confident that
continuing development and research on the Yucca Mountain repository project is worthwhile,
and I wholeheartedly support the efforts of the scientists, engineers and legislators who are
working hard to make the project a reality in a timely manner
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The STSPA model used was the result of many hours of effort on the part of many
people to whom I am very grateful. I can only hope that all of their efforts will pay off,
and that the proposed waste repository at Yucca Mountain is built in a timely manner.


