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Vadose Zone Drilling at the NTS

Introduction

The Yucca Mountain Project has an opportunity to evaluate possible
mobilization and transport of radioactive materials away from the storage
horizon in the proposed repository. One scenario by which such transport
could occur involves water leaving the storage area and carrying radioactive
particulates of colloidal size. The colloids could move along the gas-liquid
interface in partially filled fractures within the vadose zone. It should be
possible to check the reality of this proposed scenario by examining
"anthropogenic analogs" of the repository. These are sites of nuclear tests
conducted in unsaturated tuff at the Nevada Test Site (NTS). We propose to
drill under one or more such sites to determine if radionuclides have moved

from their original confinement in the puddle glass at the bottom of the
cavity. This document examines the characteristics of an ideal test site for
such a study, suggests several possible locations that have some of the desired
characteristics, and recommends one of these sites for the proposed drilling.

The Ideal Site

The ideal site for this study would be:
in tuff similar to that found on Yucca Mountain;

old in order to give time for degradation of the puddle glass and transport of
material away from the cavity;

entirely within the vadose zone so that any transport observed would
involve unsaturated flow mechanisms only;

above the water table so that the region immediately below the cavity could
be drilled without encountering standing water;

in relatively highly saturated media (though still in the vadose zone) so that
moisture pulses could move all the way through the chimney and cavity;

supplied with a variety of radionuclides in readily detectable quantities, thus
allowing a sensitive analysis of radioactive material movement;
located in an area where the geology is well characterized.

Proposed Experiment

Drilling would be conducted using the IRIl100 drilling rig and personnel
experienced in post shot recovery of nuclear debris. A main hole and one
side-track would be drilled. The main hole would be drilled beside and under

the cavity to a d_pth of 5 cavity radii below the "puddle" located at the bottom
of the cavity containing the bomb debris. A target five to six cavity radii below
the puddle should be just outside of the area where the rock was altered by
the blast. The purpose of this hole is to determine whether or not there has
been rapid transport from the puddle glass by colloid transport. A high
sensitivity gamma ray detection device would be used to log the hole to



determine the most probable sampling locations. (Logging equipment
normally used in drill backs is sensitive enough to detect variations in the
concentrations of naturally occurring thorium and uranium in samples.
However, these tools are not capable of distinguishing naturally occurring
radioactivity from anthropogenic radioactivity.) Solid samples would be
collected by the Hunt side-wall sampling technique at the locations
determined most likely to contain radioactivity.

The side-track would be drilled 0.5-2.5 cavity radius below the puddle. Logging
and sampling would be conducted in a manner identical to that used on the
main hole. The side-track will terminate in an area that has probably been
altered by the shock of the blast. This area has a higher probability of
intercepting a natural or shock induced fissure that may contain radioactive
debris deposited by prompt injection, collodial transport or soluble transport.
If radioactivity is encountered ultra-sensitive radiochemical analyses will be
performed to determine the method of transport of the radionuclide. The list
of radiochemical species that may be present are listed in Table 1.

Analyses of the radionuclides listed in Table 1 may be used to verify or
eliminate methods of transport. Specific examples are illustrated below:

Soluble transport would be the most probable method of transport for a
sample containing only 36C1, 3H, 99Tc, 129I and 125Sb. These elements
are conservative tracers that can be moved by water.

Gaseous injection would be th_ most probable method of transport for
a sample containing only 137Cs but no 134Cs. 137Cs has a gaseous 137Xe
precursor that has a 3.82 minute half-live. The 134Cs does not have a
precursor that can move as a gas.

Collodial transport would be the most probable method of transport for
a sample containing 241Am only. Americium has a very high Kd and

does not migrate very readily. The presence of 241Am only at a distance
from the puddle glass would suggest that the americium sorbed onto a
colloid which moved.

The examples ciL,,d are not inclusive. It must be noted that some
combinations of radionuclides detected in a sample do not provide a unique
solution as to the mechanism of transport. There is a finite probability that we
may detect radioactivity in a sample and not be able to positively identify the
mechanism that transported the material to that specific location. There is a
finite probability that we may not encounter any radioactivity during the
drilling operations.



Table 1

LIST OF POTENTIAL RADIONUCLIDES TO BE MEASURED IN
ANTHROPOGENIC ANALOG STUDY

RADIONUCLIDE TYPE OF TRACER HALF LIFE

(YEARS)

152Eu NC 13.5

154Eu NC 9.8

155Eu NC 4.7

60Co NC 5.3

102mRh NC 2.9

133Ba NC 10.5

134Cs NC 2.0
137Cs G 30.2

125Sb C 2.8

241Am NC 437.2

174Lu NC 3.3

3H G,C 12.3
99Tc C 2 x 105

85Kr G,C 10.8
36C1 C 3 x 105

129I G,C 1.6 x 107
90Sr NC 29.1

239pu NC 2.4 x 104

236U C 2.3 x 107

C = These radionuclides can be transported by water and they do not sorb
significantly to tuff..

G = These radionuclides are gases at or near ambient temperature or they
have relatively long-lived precursors that can be transported by gaseous
injections.

NC = These radionuclides sorb onto tuff.



Possible Sites

There is no ideal location for testing the hypotheses that material is
transported by colloids through the vadose zone. There have been dozens of
nuclear tests in the vadose zone that were conducted in tuff. Several

locations ltave been identified that have many of the desired qualifications.
These include:

U12r, located high on Rainier Mesa. The Wineskin test was conducted here
in January 1969 at a depth of 1700'. The cavity bottom is above the water table
which is at least 1886' below the surface. The water table may be significantly
deeper than 1886'. The tuff at this site is about 95% saturated, allowing for
transport of moisture pulses through the collapse zone and into the cavity.
The chief attraction of this site is due to its location in a natural catchment

basin with approximately 250 acres of drainage. (See Fig. 1.) It is believed that
with about 25 cm of precipitation per year in this area, a substantial amount of
episodic water flow through the chimney occurs thus providing an
opportunity for vadose zone transport of radionuclides. We estimate that it
would require 15-20 drilling days to complete this experiment at a total
drilling cost of approximately 2.5-3.5 million dollars.

U7bh, located on Yucca Flats. The Fahada test was conducted in 1983 at a

depth of 1261' in unsaturated zeolitized tuff. The cavity bottom is above the
water table. The advantage of U7bh is that it was conducted in an area where
the geology has been thoroughly characterized. The disadvantage of the site is
that the water re-charge rate in Yucca Flats is probably lower than the water
re-charge rate at U12r on Rainier Mesa. We estimate that it would require 10
drilling days to complete this experiment at a total drilling cost of
approximately 1.5 million dollars.

U3ag, located on Yucca Flats is the site of a low yield test conducted in
February 1962. The Chinchilla event had a depth of burial of 500', and
resulted in a conical collapsed zone at the surface about 316' in diameter and
42' deep. This was filled in to a depth of 26' to accommodate the drill rigs for
the drill back. Two postshot holes 9-5/8" were drilled to about 600'. Since
before 1968 this crater has been used for holding water for use in mud plant
operations at the NTS. The advantage of this location is that the collapse zone
on the surface has been continually full of water for many years, and if this
water penetrates the cavity, radionuclides may have been moved downward
in the underlying vadose region. The disadvantage of this location is that the
Chinchilla event was conducted in alluvium. This is a different geological
formation than the area of interest at Yucca Mountain. The emphasis of a test
conducted in alluvium should probably be changed from fast transport of
radioactivity by colloids to transport of radionuclides by solution processes.



We estimate that it would require 7 drilling days to complete this experiment
at a total drilling cost of approximately 1 million dollars to recover samples.

The Recommended Site

Each of the sites have some of the characteristics desired in our ideal location.

There are many other test sites located in the vadose zone but with the
exception of U12r none are located in tuff where there is so much potential
for water to flow through the chimney and cavity. A high incidence of
episodic water flow should provide a "relavent test" test of the hypotheses for
water transport in unsaturated media. We believe that U-12r is the best site
for the proposed drilling. The lapsed time since the test, the relatively large
amount of fission products produced, and the substantial drainage area all
suggest that movement of radionuclides through the vadose zone in
zeolitized tuff should be detectable here, if anywhere on the NTS.



Figure 1

Schematic of U12r



Schematic of U12r

f

Drainage Basin -250 Acres .__

J

Rubblized Chimney

I--,-500 ft--,,-I

Approximate
Cavity Scale

Minimum Depth PuddleGlass

r Table



IT/ /TI




