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I. INTRODUCTION 

The integrity of candidate waste-package materials for 
the proposed Yucca Mountain (YM) repository may be 
compromised by the corrosive activities of 
microorganisms. Bacterial activities will be dependent on 
the abilities of deleterious bacteria to grow and multiply 

in the repository environment. Therefore, preliminary to 
assessing microbial induced corrosion, experiments were 
undertaken to determine the growth of native YM bacterial 
communities in modified YM pore water. Specifically, 
we sought to defmenutrients that limit bacterial growth 
in Yucca Mountain and determine growth rates under 
aerobic, saturated conditions. 

Table 1. Comparison of the compositions of 10X J13 pore water, 
M9 media, and experimental media. 
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II. METHODS 

A. Media 

The growth media formulations were generated using 
The Geochemist’s Workbench, a geochemical modeling 
code.’ The media formulations were based on M9 defined 
bacterial medium and a ten-fold concentration (10X) of 
513 YM pore water (Table l).” 3 The concentrations of 
chloride and bicarbonate ions in the “YM Complete” 
medium were fixed at 10X 513 levels, since these ions can 
affect corrosion rates and pH. The levels of organic 
carbon (as added glucose), phosphate, sodium, potassium, 
nitrogen (as nitrate and ammonium), and magnesium ions 
in YM Complete medium approached those found in M9 
(Table 1). Sulfate concentration was increased in order to 
maintain electrical neutrality. Other media used in these 
studies were variations of YM Complete medium. The 
“Dilute Complete” medium was 0.1X YM Complete 
medium. The “Carbon Deficient” and “Phosphate 
Deficient” media contained no organic carbon or 
phosphate, respectively, approximating the levels of these 
species found in 513 pore water.3 The concentrations of 
the other macronutrients, sulfate and nitrogen, were 
likewise adjusted in “J13-SO,” and “J13-NO,“, 

respectively, by decreasing them to match those found in 
1X 513 (Table 1). Finally, all experimental media are 
predicted to have a pH of 7.2. 

B. Growth Conditions 

Growth rates of YM bacteria were determined by 
periodically measuring cell densities in batch flask 
cultures and continuously fed microcosms; both contained 
YM tuff as bacterial inoculum. YM tuff was aseptically 
collected from YM Exploratory Studies Facility alcoves 
5, 6, and 7 and was then aseptically crushed (1.68mm- 
2.38mm) and homogenized. Batch cultures were 
contained in 125ml flasks with 5g of crushed tuff and 
20ml of indicated media. They were incubated at 30°C 
with continuous agitation (150rpm), and media were not 
replenished in these systems. Microcosms, however, 
initially contained 50g of crushed YM tuffand 200ml of 
indicated media and were continuously supplied with 
fresh media (5ml/hr). All microorganisms were incubated 
at 22’C and were contained within the microcosm vessel 
through the use of filters (0.2pm) fitted on outlets (Fig. 
1). Sterile control batch and microcosm systems 
contained crushed YM tuffthat was gamma-irradiated (3 
Mrads) by exposure to a 6oCo source; these were 
incubated in YM Complete medium. 

(4) (2) (3) (5) 

Fig. 1. Configuration of microcosms. Each individual microcosm was composed of a 1 liter reservoir tank 
containing sterile media (i), that was fed through a 0.2p.m in-line filter (2) by means of a peristaltic pump (3), into a 
500ml modified spin flask that contained crushed YM tuff (4). Bacteria were maintained within the spin flask by 
means of second 0.2um in-line filter, and the outflow (5) rate was regulated by another peristaltic pump. 
was maintained throughout the system except in the tuff-containing vessel (4). 

Sterility 
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C. Cell Density Determinations 

Cell densities were determined by live plating.4 The 
aqueous phase of microcosms and batch cultures were 
periodically sampled, serially diluted, and plated on R2 
agar (Difco). Plates were incubated at 30°C until colonies 
(which arise from single cells) could be counted (24-36hr). 
Colonies were then enumerated, and the density of the 
original suspension (cells/ml) was calculated by 
multiplying the number of cells/plate by the total dilution 
factor. 
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Fig. 2. Growth rates of YM bacterial communities as a 
function of the macronutrient concentration found in 
various growth media ( described in text). Panel (a), 
Continuously fed systems; Panel 04, 
Unreplenished, aerated batch flask systems. n , YM 
Complete; 0, Dilute Complete; A, Carbon Deficient; 
A Phosphate Deficient; 0, J13-NO,; 0 J13-SO4 +, 
Sterile Control in YM Complete. 
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III. RESULTS 

Despite decreased levels of macronutrients in all but 
the YM Complete-fed cultures, bacterial growth from YM 
tuff was detected in all batch and microcosm systems 
tested except those containing sterilized tuff (Figs. 2a, 
2b). 

Microcosm-grown cultures demonstrated similar 
growth rates, despite the absence of organic carbon and 
phosphate or the reduction of nitrogen and sulfate from 
their respective media (Fig. 2a). Excepting the Phosphate 
Deficient-grown culture and the sterile control, these 
cultures produced near-equivalent lag periods of 
approximately 2.0 days and similar doubling times 
averaging 2.0 hours (standard deviation = 0.14). 
Maximum cell densities achieved in these cultures did 
differ, however, from approximately lo6 cells/ml (Carbon 
Deficient media) to lo*-10’ cells/ml (Dilute Complete 
medium, J13-NO,, and J13-SO,) during the incubation 
period of six days. In contrast, the culture incubated with 
Phosphate Deficient medium demonstrated a longer lag 
period of approximately 3.5 days and a doubling time of 
4.8 hours, generating lo7 cells/ml after seven days of 
incubation (Fig. 2a). 

Batch cultures, which were aerated and grown 
without media replenishment, showed similar growth 
trends when compared with microcosm cultures (Figs. 2a, 
2b); however, community doubling times in batch 
cultures were slightly longer, averaging 2.3 hours 
(standard deviation = 0.26) in all media except Phosphate 
Deficient and the sterile control. Again, variation in the 
maximal cell densities was dependent on media 
formulation, varying from lo6 cells/ml (Phosphate 
Deficient media) to greater than 10’ cells/ml ( J13-SO, 
media). Additionally, the initial lag periods of J13-NO, 
and Phosphate Deficient media averaged 4-5 days 
compared with lag periods of 1-2 days in the other media. 

IV. DISCUSSION 

Whole YM bacterial communities found in YM tuff 
demonstrated significant growth in defined media that 
approximated the composition of M9 medium but 
contained 10X 513 levels of chloride and carbonate. 
Nutrients that are used in the greatest quantities for 
bacterial metabolism (“macronutrients”) were individually 
reduced to levels found in YM pore water, and significant 
growth was still observed. These findings strongly 
suggest that bacterial growth within YM is not limited by 
a lack of organic carbon, phosphate, nitrogen, or sulfate, at 
least under saturated, aerobic conditions. Sterilized YM 
tuff produced no growth, indicating that the observed 



bacterial growth in non-sterilized cultures originated from 
YMtuff. 

The growth of microorganisms in the absence of 
added organic carbon (YM tuff contains no organic sources 
of carbon) suggests that bacterial carbon dioxide fixation 
accounted for growth under these conditions. Nitrogen 
and sulfate concentrations in YM pore water are also 
apparently sufficient to support microbial growth, as 
growth was observed when the concentrations of these 
species were reduced to J 13 levels. 

513 pore water reportedly contains no phosphate,3 
which is used in significant quantities for microbial 
metabolism; however, bacterial growth was also observed 
in both batch and microcosm cultures when phosphate 
was eliminated from growth media. Since YM tuff 
contains trace amounts of phosphate,’ dissolution due to 
microbial activities may account for the observed growth 
in Phosphate Deficient medium. 

The results reported here are preliminary, but they 
strongly suggest that in situ YM nutrient levels may well 
be sufficient to support growth of endogenous bacteria. 
These findings also demonstrate the need for microbial 
induced corrosion studies of potential waste package 
materials. 
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