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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES 

TRIP REPORT 

SUBJECT: The Second International Conference on Remediation of Chlorinated and 
Recalcitrant Compounds (20.01402.158) 

DATE/PLACE: May 22-25, 2000 

Monterey, CA 

AUTHOR: Ronald T. Green 

PERSONS PRESENT: 

R. Green, CNWRA, attended the Conference. Total attendance exceeded 1000 persons 

BACKGROUND AND PURPOSE OF TRIP: Career development.  

SUMMARY OF PERTINENT POINTS: 

I was able to attend two days of the four day conference.  

SUMMARY OF ACTIVITIES:' 

Activities included (i) attending oral technical presentations, (ii) reviewing poster presentations, and 
(iii) participating in conversations on a variety of technical subjects. Sessions on air sparging, direct electrical 
heating, steam injection, and oxidation technologies were attended.  

Ron Falta, Clemson University, conducted air sparging through a column experiment to test applications for 
air sparging below the groundwater table. He used experimental results to evaluate the capability of a 
numerical code to simulate air sparging of a dense nonaqueous phase liquid (DNAPL) in porous media. His 
numerical model, a variation of TOUGH2, represented the sand medium as two continua-fine-grained and 
coarse-grained sand. The study identified capillary pressure and relative permeability as the most important 
property values. It was highly important to assign proper media interaction factors. Extrapolation of the 
laboratory-scale experiment to field scale, however, indicated that mass transfer was much less important at 
field scale than at laboratory scale.  

R. Dorrler, ARCADIS Geraghty & Miller, made a presentation on crosshole flow/thermal technology used 
to remediate PCE. The application used by Dorrler was very aggressive where the subsurface rock was 
initially exposed to high pressure pneumatic fracturing to open up the formation. In-well heaters were used 
to raise the temperature of injected water to > 1000 'F, possibly as high as 1600 'F, which was sufficiently 
hot to vaporize formation water. In-well heaters were used instead of above-ground heaters because of 
difficulties caused by the high temperatures in the surface piping/heating system. The formation temperatures 
were sufficiently high to vaporize PCE. The system relied on vapor extraction only, no liquid extraction. The 
site remediation was monitored with cross-hole pneumatic testing and split-spoon sampling.
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Gorm Heron, SteamTech, discussed the use of steam injection/vapor extraction (SIVE) at a PCE spill in 
Portsmouth, Ohio. PCE has spread in a mile-long plume covering 20 acres to a depth of 30 ft at the site. The 
SIVE system was monitored using thermocouples and electrical resistance tomography (ERT). It was learned 
that it was very important to elevate the temperature at the base of the aquifer to insure that the DNAPL 
residing at depth was fully volatilized. Cyclic steam injection was highly effective in the remediation effort.  
The system operated for 4 months before DNAPL recovery decreased. ERT and temperature measurements 
provided a good indication of those locations where cleansing was effective and where additional remediation 
was required. Coring confirmed the assessment provided by the thermocouple and ERT measurements. Heron 
also reported on an in situ chemical process that leads to added destruction of the DNAPL. Hydrous 
pyrolosis/oxidation occurs when temperatures are in the range of about 70 'C up to approximately 
100-110 'C. Hydrous pyrolosis is the degradation of a DNAPL when the DNAPL is combined with O0 and 
water resulting in CO2 and chloride and hydrogen ions. The degradation process rate is active under boiling 
conditions. The process is enhanced by reduction of the normal boiling temperature of PCE from 87 'C to 
only 78 'C for a mixture of PCE and water. This allows vaporization of PCE at lower temperatures and for 
longer durations. It is obviously desirable to maintain the subsurface at elevated temperatures to encourage 
continued DNAPL destruction by hydrous pyrolosis/oxidation even after the SIVE system is discontinued.  

Kent Udell, University of Cal ifornia-Berkelely, discussed the use of SIVE at the Alameda Pt. demonstration 
project. The remediation system consists of two injectors and multiple vapor extractor wells installed to 
recover a light nonaqueous phase liquid (LNAPL) (TCE) in addition to other hydrocarbons. The system went 
cyclic after about 50 days of operation. A 1000-fold reduction in volatile compounds was achieved with most 
LNAPL recovered as vapor. Microbial counts were taken prior to, and after, remediation. Microbial counts 
rebounded with the exception of locations where all hydrocarbons had been removed. Residual contaminants 
not removed were motor oil and grease. Udell stated that a site needs to be in excess of 100,000 cubic yards 
to be economically feasible for SIVE. This assessment was not shared by other practitioners who felt that 
sites in the 5,000-10,000 cubic yard range could easily be financially feasible. Udell stated that a rule of 
thumb for the low end of permeability for a site to be considered for SIVE is 10' cm/sec and the upper end 
of about 10-' cm/sec; however, both these numbers are dependent on depth, especially at the lower 
permeability limit. For example, lower permeability media can be remediated by SIVE if the media are at a 
sufficiently great depth to allow greater pressures to be used to inject the steam.  

Greg Smith, Radian Technologies, and David Fleming, Current Environmental Solutions, discussed a site 
in which multiple technologies were used to remediate TCE. The approach initially used SIVE and enhanced 
biotransformation to remediate the site, but used six-phase electrical heating to remediate locations not 
effectively cleaned by SIVE. The six-phase electrical heating system was used to create in situ steam. The 
system was designed to penetrate as deep as 24 ft and required 60 days to attain above-boiling temperatures.  
Boiling was maintained for periods of 70 and 90 days.  

Kurt Hansen, Groundwater Technology, discussed the use of in situ thermal desorption (ISTD) at a site in 
Oregon. The ISTD technology, originally developed by the oil and gas industry, uses wells equipped with 
electrical resistance heaters and wells for vapor extraction to remove volatilized hydrocarbons from the 
subsurface. Wells were designed to act as either heater wells or for extraction, and were placed at 7-ft 
separations. The project was conducted in association with Terra Therm, a group initially with Shell Oil.  
Terra Therm has since been donated to the University of Texas-Austin and is now under the direction of 
Dr. Gary Pope, University of Texas-Austin.  

Roger Aines, LLNL, made a presentation of the highly successful large-scale SIVE project at the Visalia pole 
yard located in central California. The Visalia pole yard was contaminated with creosote, a polyaromatic
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hydrocarbon, over a large area. Aines discussed the importance of the chemical processes to the success of 
remediation at the site. Oxygen was added to the subsurface to avoid production of intermediate compounds 
and the precipitation of CaCO3. The transport properties of the creosote changed dramatically during the 
project. Aines believes that the creosote degraded into a surfactant, thus making creosote removal easier.  

Jim Cummings, EPA, made a general presentation on evolving regulatory policies regarding DNAPLs with 
particular reference to innovative technologies. Included in this discussion were the recognition and 
acceptance of designations such as technical impractability (TI) and monitored natural attenuation. The EPA 
now allows specific sites to be classified with TI status if it can be demonstrated that the site cannot be 
remediated using known technologies. Cummings noted the building pressure on responsible parties to 
employ innovative technologies; however, reluctance persists. New regulatory policies, if implemented, could 
expedite the acceptance and use of these promising remediation technologies. For example, accepting 
remediated contamination levels that are not as low as currently required by law could encourage responsible 
parties to clean sites to an acceptable level, recognizing that natural attenuation could reduce residual 
contaminant levels in acceptable periods of time once the source and associated high concentrations are 
removed. Current regulations that require firm, low concentrations to be achieved do not encourage a 
responsible party to employ an innovative technology that cannot guarantee the current acceptance 
concentrations can be met. Cummings foresees an easing in these requirements in the near future 
(i.e., 1-2 yr).  

The use of permanganate oxide (KMnO4) as an oxidant to degrade recalcitrant compounds, including metals, 
solvents, and hydrocarbons, has achieved some, but not widespread success. Wilson Clayton, IT Corp., noted 
that this oxidant technology needs to be designed for the matrix demand, not the contaminant demand.  
Clayton questioned whether this technology is effective with high concentrations. Several speakers noted the 
propensity for rebound in concentration levels once the application of the oxidant is discontinued. Michael 
Moes, Erler and Kalinowski, experienced difficulties in attaining penetration of the oxidant into zones of low 
permeability. Wendy Leonard, IT Corp., discussed the use of permanganate oxide at the 50 x 75 x 30 ft 
demonstration plot at Cape Canaveral. She noted that the technology has not been highly effective at the 
demonstration plot, and hypothesized that the ineffectiveness is because the free-product PCE is nonwettable 
by permanganate oxide.  

CONCLUSIONS: 

This bi-annual conference has evolved into one of the more prominent conferences that addresses the use of 
innovative technologies in environmental remediation. Sessions were well attended (technical sessions had 
in excess of several hundred participants and many sessions had standing-room-only available).  

PROBLEMS ENCOUNTERED: None 

PENDING ACTIONS: None 

RECOMMENDATIONS: 

I strongly recommend that CNWRA staff attend this conference in the future. It offers an outstanding 
opportunity to become acquainted with new and emerging innovative environmental remediation 
technologies.

3



SIGNATURES: 

Ronald'" Green-A' 
Geohydrology and Geochemistry

CONC•:rCE: 

English C. Pearcy 
Manager, Geohydrology and Geochei 

Henry F. Garcia 
Administration Directo

Date

Date

Date

0

4


