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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES 
TRIP REPORT 

SUBJECT: Soil Science Society of America Annual Meeting 

DATE/PLACE: October 31-November 5, 1999 
Salt Lake City, UT 

AUTHOR: David R. Turner 

PERSON(S) PRESENT: 

In addition to the author, A. Campbell and E. O'Donnell of the Nuclear Regulatory Commission (NRC) 
Office of Regulatory Research (RES) participated in a panel discussion. The meeting was attended by 
scientists from various U.S. and international organizations.  

BACKGROUND AND PURPOSES OF TRIP: 

This was the 91st annual meeting of the Soil Science Society of America (SSSA). The conference included 
symposia on a wide variety of technical topics related to groundwater flow and transport, including 
preferential flow dynamics, oxyanion surface chemistry, reactive barriers, and sorption in soils. At this year's 
meeting, there was a special symposium on Soil Geochemical Processes of Radionuclides. Nine invited 
speakers presented research on technical subjects including actinide chemistry, colloid transport of 
radionuclides, model abstraction for performance assessment (PA), and reactive barriers to radionuclide 
migration. There was also a short panel discussion at the end of the session on NRC research activities related 
to low-level waste management. The abstracts are contained in a volume published by the SSSA and available 
from the author of this trip report.  

The purpose of the trip was to present an invited paper entitled "The Role of Radionuclide Sorption in 
High-Level Waste Performance Assessment: Approaches for the Abstraction of Detailed Models" authored 
by D.R. Turner. The presentation covered work conducted by the Center for Nuclear Waste Regulatory 
Analyses (CNWRA) on behalf of the NRC in abstracting process-level model results for the development 
of the NRC/CNWRA Total-System Performance Assessment (TPA) code. Another objective of the trip was 
to gather technical information that would be useful for CNWRA technical assistance activities in the NRC 
high-level waste (HLW) program.  

SUMMARY OF PERTINENT POINTS: 

The SSSA conference is shared with the Crop Science Society of America and the American Society of 
Agronomy, and is one of the premier meetings of the soil science research community. Although discussion 
of radioactive waste management issues was largely limited to the special symposium, there were a number 
of other talks and posters on issues related to groundwater flow and transport, risk assessment, and 
environmental remediation that are directly relevant to the NRC and CNWRA. A summary of relevant 
presentations is provided below; more complete abstracts are available from the author of this trip report.
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H. Nitsche (University of California, Berkeley) presented an overview of actinide chemistry, and included 
results from research conducted in uranium (U) mine tailing remediation in the former East Germany. Some 
220,000 metric tons of U was produced in East Germany during the Cold War. Acid mine drainage and 
leaching of U by acid rain is a continuing environmental problem that is exacerbated by the location of 

tailings piles in urban areas. Solubility of U in a number of these systems is apparently controlled by 
Ca-uranyl carbonate minerals such as liebigite and zellerite. In addition, sorption experiments have indicated 
that U sorption on complex geologic materials may be dominated by oxidation of Fe(+2) and precipitation 
of strongly sorbing Fe(+3)-oxyhydroxides.  

P. Bertsch (University of Georgia) presented a summary of recent work using very finely detailed 
spectroscopy to map radioelement distribution on geologic materials. He has used this technique to evaluate 
the effectiveness of selective extraction techniques at removing different separable fractions ofradionuclides 
from geologic materials. He has also used spectroscopy to study the effect of redox on radioelement 
distribution.  

J. Davis (U.S. Geological Survey) presented an overview of different approaches to modeling radionuclide 
sorption in complex systems. He contrasted the engineering approach, where simplifying assumptions are 
made to make geochemical sorption modeling tractable, with the chemical approach, where detailed models 
are constructed to mechanistically account for as many aspects of the solid-water interface as possible. The 
engineering approach has the advantage of preserving some of the effects of geochemistry as part of sorption 
model development for PA. Detailed chemical modeling is a more accurate representation of the system, but 
may require information that is poorly characterized in natural systems. Davis presented the results of 
modeling studies using non-electrostatic surface complexation models for uranium sorption at the Alligator 
Rivers (Australia) natural analog site. This type of engineering approach was able to produce most of the 
attributes of U sorption on complex materials, suggesting its promise for application in PA calculations.  

J. Zachara (Pacific Northwest National Laboratories) presented the results of field and laboratory studies of 
Cs migration at the Hanford Reservation in Washington. Over a period of several decades, storage tanks have 
leaked large amounts of Cs into the soils at Hanford. For example, over 106 Ci of Cs was released from a 
single tank. In the Hanford system, Cs sorbs very strongly on the soils and rocks, and has been retained above 
the regional groundwater. Spectroscopic analyses indicate that Cs has the strongest affinity for biotite. High 
Na-content in the contaminant plume has tended to push the Cs off of other clays onto frayed edge sites in 
biotite, and sorption onto these sites has been observed to be essentially irreversible, possibly explaining the 
long-term immobility of Cs.  

J. McCarthy (Oak Ridge National Laboratory) discussed the effects of natural organic material 

(NOM)-facilitated migration of Cm-244 and Am-241 in groundwater. In shallow monitoring wells located 
about 15 m downgradient from a disposal trench at Oak Ridge, seasonal variation in groundwater gross 
a-activity was observed. In looking at the annual precipitation records, seasonal changes in precipitation have 
led to periodic flooding of the disposal trench. NOM tends to increase during storm events, leading to early 
breakthrough of Cm and Am associated with a NOM-carbonate phase at distances of 15 to 75 m down 
gradient from the disposal trench. McCarthy's research group has also conducted field tracer tests using Br 
as a nonreactive tracer, and Eu and Nd as trivalent analogues to Cm and Am. In the presence of NOM in the 
groundwater system, injected Nd was observed to arrive at the extraction point at the same time as Br, where 
a simple Kd approach would suggest significant Nd retardation.
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B. Honeyman (Colorado School of Mines) provided an overview of colloid-facilitated radionuclide transport.  
He noted laboratory experiments where the presence of colloids increased Pu solubility, and where colloid 
deposition was strongly dependent on electrostatic behavior in solution. Models predict that colloid transport 
is most effective for conditions under which radionuclides sorb strongly. In modeling laboratory results, the 
best outcome was assuming that colloid sorption sites were different from sorption sites on the immobile 
medium.  

S. Fendorf (Stanford University) outlined the role of bacteria and organic compounds in the reductive 
stabilization of radioelements and heavy metals. Reduced radionuclides tend to have lower solubilities and 
sorb more strongly onto geologic materials. Two pathways of bacteria-mediated reduction involve either 
direct enzymatic reduction of the elements, or indirect reduction by enzyme products. The presence of Fe(III) 
tends to diminish the reduction of U(+6) to U(+4) although the form of the Fe(+3) mineral phase is important.  
Laboratory evidence suggests that the U reduction process is limited by the diffusion of the reductant.  

J. Krumhansl (Sandia National Laboratories) discussed the effectiveness of different types of materials as 
reactive barriers. These barriers can be effective for a number of poorly retarded radionuclides such as 
technetium and iodine. The most promising barriers are those that both sorb/reduce radionuclides and have 
a low enough price/volume ratio to be cost-effective (i.e., designer resins might be effective sorbers, but are 
too expensive to be used at the field scale). A number of bulk materials such as hydrotalcite, boehmite are 
effective technetium "getters" while Cu-sulfides and Cu-oxides are good barriers to iodine transport.  

IMPRESSIONS/CONCLUSIONS 

The SSSA Annual Meeting covers a wide range in topics. Although much of the conference is concerned 
with nonradioactive elements and compounds important to agricultural practices (phosphate, nitrate, 
selenium, arsenic), a number of symposia and posters cover topics that are relevant to HLW disposal such 
as preferential flow dynamics, unsaturated zone flow and transport, oxyanion surface chemistry, risk 
assessment, and remediation technology. The meeting also offers an opportunity for interactions with the 
international scientific community, and provides a valuable source of information for CNWRA technical 
assistance activities in the HLW program.  

PROBLEMS ENCOUNTERED: 

None.  

PENDING ACTIONS: 

Organizers for the symposium on Soil Geochemical Processes of Radionuclides indicated that there may be 
a SSSA proceedings volume prepared and published if approved by the meeting organizers. CNWRA staff 
will be notified if approval is granted, and a paper will be prepared in consultation with the NRC PEM and 
CNWRA management.  

RECOMMENDATIONS: 

Continued limited participation by CNWRA staff in future SSSA conferences is recommended.
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