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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES 

TRIP REPORT 

SUBJECT: 9 th International Congress of Marine Corrosion and Biofouling, 
Visits to Exeter and Surrey Universities 

DATE/PLACE: July 11-26, 1995 

Portsmouth, Hants., UK 

AUTHOR: Peter Angell 

PERSONS PRESENT: Peter Angell (see attached attendance list) 

BACKGROUND AND PURPOSE OF TRIP: 

The author attended the 9th International Congress of Marine Corrosion and Biofouling held at Portsmouth 
University in the UK. The conference was concerned with the formation of biofilms and subsequent 
corrosion of materials exposed to the marine environment. Despite the emphasis on the marine 
environment many of the papers were extremely relevant to the Yucca Mountain (YM) site. While in the 
country the opportunity was also taken to visit the laboratories of Dr. A.H.L. Chamberlain at the 
University of Surrey and Dr. H. Lappin-Scott at the University of Exeter. These groups are working on 
either microbial corrosion or sulphate-reducing bacteria (SRB) from extreme environments, both of which 
have direct relevance to the Integrated Waste Package Experiment program.  

SUMMARY OF PERTINENT POINTS: 

The congress at Portsmouth was extremely well attended with over 200 delegates from more than 
20 countries. The keynote talk (Bunker Memorial Lecture) was given by Prof. D.C. White and dealt with 
new methods employed to study Microbially Influenced Corrosion (MIC). A number of these are relevant 
to the work of the program and arrangements have been made to gain access to the facilities at Center for 
Environmental Biology (CEB, University of Tennessee), should they be required. This was followed a 
number of invited speakers who dealt with various aspects of MIC and biofilm formation. The recurrent 
point made at the meeting by many speakers is that biofilms can no longer be viewed as homogeneous 
layers of bacteria and exopolymeric substances (EPS). Rather they are extremely heterogeneous both in 
types of bacteria and structure, with many columns and channels composing the biofilm. This is of direct 
relevance to any computer models which are developed to incorporate microbial effects, making all the 
processes far more complex.  

The author presented a paper on his previous work at CEB, University of Tennessee, which dealt 
with some early results with the bacteria Shewanella putiifaciens SP200, a marine strain, which suggests
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that this bacteria is extremely aggressive to 304L stainless steel when sulphide production is possible, but 
also that a low level of corrosion also occurs in the absence of sulphide production.  

Other papers of interest were those of Dr. B. Little who emphasized that bacterial numbers can 
not be directly related to the level of corrosion, rather it appears to be linked with metabolic activity. This 
confirms the approach being taken by Center for Nuclear Waste Regulatory Analyses (CNWRA) in 
looking at the effect of bacterial metabolism on the corrosion potential of candidate metals. Another 
interesting paper was presented by Dr. I. B. Beech on the use of the atomic force microscope in MIC 
studies, in which evidence was presented that some attack of the metal could be visualized around bacteria.  
However, it was noted that the work of Prof. G. Geesey needs to be considered which showed that 
bacteria preferentially colonize grain boundaries and other depressions in the metal surface. The question 
that needs to be answered is whether the depression or apparent attack seen by Beech is due to the 
bacteria, or whether they have colonized a pre-existing depression? Dr. B. Keevil presented some excellent 
footage that demonstrated how light microscopy (fluorescence and Normaski DIC) can be used in biofilm 
studies. This is of direct relevance to the current work being set up to examine the formation and effects 
of biofilms on tuff.  

The visit with Dr. A.H.L. Chamberlain at the University of Surrey included a presentation of 
work done by the author on microbial corrosion. The ensuing discussion confirmed the relevance of the 
bacterial strain MR1 of Shewenalla putrifaciens in the studies of microbial corrosion, particularly sulphide 
production. It was concluded that this avenue of research could prove to be very profitable. Useful 
discussion also took place on the role of bacterial EPS on the corrosion of copper. Although this material 
is not currently in the IWPE program, Alloy 400 (a Ni-Cu alloy) has recently been forwarded as a 
candidate material in advanced conceptual design of Department of Energy. A discussion was also held 
on methods of extracting biofilms for quantitative and qualitative analysis of bacterial species present. This 
is an area of concern for both groups, and although no methodology was formulated, both groups are now 
aware of what has been tried and some potential methods were suggested.  

The trip to Exeter University was perhaps one of the most useful aspects of the trip. This group, 
under the direction of Dr. H. Lappin-Scott, has been looking at SRB isolated form extreme environments, 
particularly oil fields. This is of direct relevance as these are sub-terrain bacteria that have been exposed 
to elevated temperatures. A number of thermophilic SRB (TSRB) have been isolated with growth being 
examined up to 70 'C. One item of particular note is an apparent switch in one community which failed 
to reduce sulphate to sulphide at 30 'C, although some growth was evident. However, at higher 
temperatures (>45 'C) abundant sulphide production was evident. This raises the question as to whether 
or not the elevated temperatures expected in the repository at the YM site, might not lead to sulphide 
production not currently seen at lower temperatures. There is now ample evidence that TSRB are readily 
isolated from many sites, including normal seawater (this group has not routinely looked at fresh water).  
Another project being under taken is to examine the water activities at which these bacteria are active.  
This is very similar to the work being proposed in the IWPE project to look at the relative humidities at 
which bacteria are active. Despite the slight difference in emphasis, and the early stage of both projects, 
some useful exchange took place.  

SUMMARY OF ACTIVITIES: 

Successful meetings were held with groups both at Surrey and Exeter Universities, which 
provided useful information for the IWPE project. A number of interesting papers were attended at the 
Congress in Portsmouth were the author also presented a paper. A number of useful discussions were held
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with various researchers outside of the meeting rooms which should prove beneficial to the project at 
CNWRA.  

CONCLUSIONS: 

Overall it was concluded that the conference and University visits were worthwhile, with a 
number of interesting and useful ideas being discussed in the areas of MIC and biofilm formation.  

PROBLEMS ENCOUNTERED: 

None 

PENDING ACTIONS: 

None 

RECOMMENDATIONS: 

It is suggested that collaboration with other groups be explored allowing access to some of the 
state of the art equipment not currently available at CNWRA.  

SIGNATURES:

DateVseter Selln Visiting Scientist

CONCURRENCE:

Narasi Sridhar, Manager 
Engineered Barrier System, Element

op
Budhi Sagar 
Technical Director

date

Date
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