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I. INTRODUCTION

rely on signatures resident in nbosomal DNA (rDNA)
3
and membrane fatty acids specific to given classes of
organisms for identification. Both DNA and fatty acids are
extracted directly from the excavated site material without
the need to grow organisms, the principal limitation of
culturing approaches. Libraries, composed of native
456
microorganisms ' ' and organisms from disturbed
78
areas ' representative of post-construction environments,
are presently being assembled for the Yucca Mountain
Project

Microorganisms are ubiquitous in distribution and have
diverse metabolic capabilities. They can survive and
maintain activity under extremely harsh environmental
conditions. Biotic factors may directly contribute to waste
package or repository component failure through
microbially induced corrosion (MIC), or indirectly impact
containment through alteration of the surrounding
chemical environment. Microbes could also facilitate the
transport of radionuclides from the near-field, and impact
the hydrologic properties of geologic and engineered
barriers.

The second program element is intended to quantify
specific microbial activities that modify aqueous
chemistry or corrosion rates relevant to waste isolation in
a subsurface repository. Microbial activity is likely to
occur in two episodes: an initial response to the influx of
nutrients and water due to construction, and a second
episode during which starvation-resistant bacteria
predominate after nutrients have been exhausted. The
impact of microbes on the repository during these
episodes will be determined by two related phenomena:
thermal history and water availability. The effect of a
thermal pulse is complex. It can augment microbial
activity and favor thermophilic and even
hyperthermophilic bacteria . However, beyond a certain
threshold, heat causes cessation of activity.

In this paper we discuss aspects of a comprehensive
program to identify and bound potential effects of
microorganisms on long-term nuclear waste containment,
using as examples, studies conducted within the Yucca
Mountain Project.
II. METHODS
The potential impact of microbes on a subsurface
radioactive waste repository are described in Horn and
Meike , the salient issues of which are outlined in Figure
1. Here we present a program, composed of three
interconnected elements (Fig. 1), designed to assess these
issues.

In this second program element, the extent and rate of
microbialry-mediated chemical reactions are assessed for
both episodes of microbial activity in long term growth
studies. Experimental microcosms using site material
innoculum and historical analogs
in which
combinations of conditions (heat, relative humidity,
radiation flux, nutrient availability, chemistry)relevantto
a given repository environment, will be analyzed. These
combinations of conditions are altered while measuring
specific activity rates, to identify both rates and limiting
conditions. Experimental assessment of the starvationresistant fraction of the microbial community may be
most difficult because activity may only be detected after
prolonged growth under highly dilute nutrient conditions.

The aim of the first program element is to identify
microbes and their associated metabolic paths that operate
or are enhanced by the modified environmental conditions
expected after subsurface waste emplacement. In this
element, extant microbes (both indigenous and those
introduced as a result of construction activities) are
identified and evaluated for specific potential metabolic
activities, and a library of microbes are developed to
provide a source of isolated test organisms. The
identification process uses a broad range of detection
techniques, since no single method has been shown to be
fully representational. The techniques include traditional
culturing as well as direct molecular techniques, which
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Such experiments are fundamentally important because the
starvation-resistant fraction may represent the most
prominent microbial activity in a repository setting over a
long period of time.
Assays to determine microbial activities that alter metal
and radionuclide speciation, and generate acids and gases
(e.g., hydrogen sulfide, methane), will be performed in
vitro under standardized conditions, using microbial
isolates from the assembled library, with the appropriate
substrate, and measurement of product accumulation or
7
substrate disappearance . Coordinately, extraction and
quantification of proteins and mRNA that have been
specifically identified with the catalysis of relevant
biochemical reactions will be undertaken. Wellestablished extraction techniques are combined with either
immunodetection (for proteins) or nucleic acid
hybridization (for mRNA) protocols to provide a direct
measure of the extent of a given microbial activity in situ.
The third program element is intended to determine the
effect of microbes on some physical properties of the
repository horizon. Growth rates, biofilm production, and
radionuclide sorption by microorganisms and their byproducts are determined under relevant conditions, both in
batch cultures and rock samples. The resulting data will
be used for three different applications. First, to correlate
withflowrates through crushed and whole geologic media
to model the effect of microbial growth on hydrologic
properties of the surrounding geologic barrier ' . Second,
to predict the availability of microbially -generated
colloids (both cells and biofilm materials). Finally, to
assess the significance and effects of microbially induced
alterations of localized relative humidity.

Lawrence Livermore Laboratory Report UCRL-ID122256.
2.

Pace, N.R., D.A. Stahl, D.J. Lane and G.J. Olsen
(1986). The analysis of natural microbial
populations by
ribosomal RNA sequences. Adv. Microb. Ecol.
9:1-55.

3.

Welch, D. F. (1991). Applications of cellular fatty
acid analysis. Clin.
Microbiol. Rev. 4: 422-438.

4.

Haldeman, D.E., and P. Amy (1993).
Bacterial heterogeneity in deep subsurface tunnels
at Rainier Mesa, Nevada Test Site. Microb. El.
25:183-194.

5.

Haldeman, D.E., P. Amy, D. Ringelberg, and
D.C. White (1993).
Characterization of the microbiology withina 21m
section of rock from the deep subsurface. Microb.
Ecol. 26:145-159.

3

6.

Russell, C.E., R. Jacobson, D.L. Haldeman, P.
Amy (1994).
Heterogeneity of deep subsurface microorganisms
and correlations to hydrogeological and
geochemical parameters. Geomicrobiol. J.
12:37-51.

7.

Horn, J. M. B. Economides, A. Meike, and R. D.
McCright (1996) Initial Studies to assess
microbial impacts on nuclear waste depositioa
International High Level Radioactive Waste
Management Conference,
Las Vegas, Nevada, April 29-May3 19%.

8.

Economides, B., J. Horn, and C.-Y. Wang. 1995.
Investigation of microbial growth in welded tuff
from a potential nuclear waste repository site.
Abstracts of the American Geophysical Union, Fall
Meeting. H21C-6,
11-15 December, San Francisco, CA.

9.

Stetter, K. O. (1995). "Microbial life in
hyperthermal environments." ASM
News 61(June): 285-290.

10.

Meike, A., W. L. Bourcier, M. Alai, D. L.
Haldeman, P. S. Amy, T. Lagadinos
and L. Hersman (1995) Potential Long-Term
Chemical Effects of Diesel Fuel Emissions on a
Mining Environment: A Preliminary Assessment
Based On Data From A Deep Subsurface Tunnel
At Rainier Mesa, Nevada Test Site. Lawrence
Livermore Laboratory Report UCRL-ID-121046.

HI. CONCLUSIONS/DISCUSSIONS
A comprehensive program has been formulated which
cuts across standard disciplinary lines to address the
specific concerns of microbial activity in a radioactive
waste repository. Collectively, this program provides
bounding parameters of microbial activities that: 1)
modify the ambient geochemistry and hydrology, 2)
modify corrosion rates, and 3) transport and transform
radionuclides under conditions expected to be encountered
after geological waste emplacement. This program is
intended to provide microbial reaction rates and bounding
conditions in a form that can be integrated into existing
chemical and hydrological models. The inclusion of
microbial effects will allow those models to more
accurately assess long term repository integrity.
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